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FOREWORD 


Purpose  of  the  Environmental  Studies 

The  National  Environmental  Policy  Act  of  1969  directs  that  all  agencies 
of  the  Federal  Government  "include  in  every  report  on  proposals  for  legisla¬ 
tion  and  other  major  Federal  actions  significantly  affecting  the  quality  of 
the  human  environment,  a  detailed  statement  ...  on  the  environmental  impact 
of  the  proposed  action."  The  Act  deals  only  with  proposed  actions.  However, 
in  keeping  with  the  spirit  of  the  Act,  the  U.  S.  Army  Corps  of  Engineers  has 
developed  its  own  policy  that  requires  such  reports  on  projects  it  has  com¬ 
pleted  and  for  which  continuing  operational  and  maintenance  support  are  re¬ 
quired. 

In  keeping  with  its  policy,  on  January  15,  1973,  the  St.  Paul  District 
of  the  U.  S.  Army  Corps  of  Engineers  contracted  with  the  North  Star  Research 
and  Development  Institute  to  prepare  a  report  assessing  the  environmental 
impact  of  the  Corps  of  Engineers'  operations  and  maintenance  activities  on 
the  Mississippi  River  from  the  head  of  navigation  in  Minneapolis,  Minnesota 
to  Guttenberg,  Iowa.  Included  also  are  the  Minnesota  and  St.  Croix  Rivers 
from  their  respective  heads  of  navigation  at  Shakopee  and  Stillwater,  Minne¬ 
sota  to  the  Mississippi  River.  This  portion  of  the  Mississippi  River  basin 
will  subsequently  be  termed  the  "Northern  Section"  of  the  upper  Mississippi 
River,  or  the  "study  area",  or  the  St.  Paul  District. 

The  Corps  of  Engineers  has  been  active  in  the  Northern  Section  since  the 
1820's,  when  they  first  removed  brush  and  snags  from  the  river  to  permit  navi¬ 
gation  as  far  north  as  Fort  Snelling.  Later  in  the  1870' s,  further  improve¬ 
ments  were  raade,  primarily  through  construction  of  wing  dams,  to  deepen  and 
maintain  the  channel.  Presently,  the  river  in  the  study  area  consists  of  a 
series  of  pools,  which  were  created  by  the  construction  of  navigation  locks 
and  dams  in  the  1930 's.  Several  recreation  areas  along  the  river  were  also 
built  by  the  Corps. 
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The  purpose  of  the  environmental  impact  study  is  to  assess  the  impacts, 
both  positive  and  negative,  of  the  Corps'  activities  on  the  Northern  Section. 
In  addition,  the  study  is  to  provide  a  broad  background  of  information  for 
periodic  reassessment  and  more  detailed  analysis  of  impacts.  The  activities 
are  defined  as  operations  and  maintenance  activities  and  mainly  include  oper¬ 
ations  of  facilities  (locks  and  dams)  and  maintenance  of  the  navigation  chan¬ 
nel  (dredging).  Although  the  environmental  impacts  of  earlier  operations  are 
also  being  sought,  most  of  the  information  will  concern  the  impacts  of  the 
present  nine-foot  navigation  system. 

The  studies  are  designed  not  only  to  identify  the  impacts,  but  to  as¬ 
sess  their  effects  on  both  the  natural  and  social  environment.  Such  impacts 
may  include  effects  of  river  transportation  on  the  area  economy,  effects  of 
creation  of  the  pools  on  recreational  activities  and  wildlife  habitat,  effects 
of  dredge  spoil  disposal  on  the  natural  ecosystem  and  on  recreation,  and  many 
others.  As  a  result  of  identification  and  assessment  of  the  impacts,  it  will 
be  possible  to  suggest  ways  of  operating  the  facilities  and  maintaining  the 
navigation  and  recreation  system  to  amplify  the  positive  and  minimize  the 
negative  results  of  the  Corps 'activities.  The  study  will  provide  a  comprehen¬ 
sive  basis  for  the  St.  Paul  District  to  prepare  an  environmental  impact  state¬ 
ment  consistent  with  the  National  Environmental  Policy  Act  of  1969  and  the 
policy  of  the  U.  S.  Army  Corps  of  Engineers. 

Scope  of  Current  Report 

The  present  report  covers  the  entire  study  program  only  from  January, 

1972  through  November,  1973.  The  report  contains  both  historical  information 
and  data  collected  in  the  field  from  activities  such  as  water  quality  investi¬ 
gations  and  sampling  of  riverbank  vegetation. 

Research  Approach 

Three  aspects  of  the  research  approach  used  in  the  study  are:  (1)  the 
benchmark  point  in  time,  (2)  data  collection  and  analysis  on  the  natural 


systems,  and  (3)  data  collection  and  analysis  on  the  socioeconomic  activities. 


Benchmark  Time  Period 


In  order  to  analyze  the  impact  of  the  activities  of  the  Corps  of  Engi¬ 
neers  on  the  Northern  Section  of  the  Upper  Mississippi  River,  it  is  necessary 
to  select  point  in  time  which  can  serve  as  a  benchmark.  This  benchmark  is 
the  year  activities  related  to  the  nine-foot  channel  were  initiated.  Because 
the  nine-foot  channel  project  constructed  in  Pool  1  began  in  1930,  this  year 
is  taken  as  the  benchmark.  The  pre-project  condition  of  the  river  at  and  up¬ 
stream  from  Lock  and  Dam  1  is  taken  as  prior  to  1930.  Wing  dams  were  built 
and  Corps'  activities  on  other  channel  projects  took  place  prior  to  1930.  The 
pre-project  information  was  obtained  from  available  reports  and  from  a  variety 
of  other  sources  cited  at  the  end  of  each  section. 


Analysis  of  the  Natural  Systems 

The  impacts  of  Corps'  activity  on  the  natural  environment  for  a  given 
pool  were  determined  by  the  individual  investigator  responsible  for  that  par¬ 
ticular  pool.  The  Northern  Section  of  the  upper  Mississippi  River  was  sub¬ 
divided  into  fourteen  distinct  segments  for  purposes  of  study  of  the  natural 
environment:  Pools  1  through  10,  Pool  5A  (lying  between  Pools  5  and  6),  the 
Upper  and  Lower  St.  Anthony  Falls  (SAF)  Pools  (a  single  report  covers  both 
pools),  the  Minnesota  River  and  the  St.  Croix  River.  A  segment  was  assigned 
to  an  investigator  on  the  natural  sciences  team  as  listed  below: 


Number  of 
River  Pools 
Involved 

Total 

Length  in 
River  Miles 

Pools 

Principal 

Invest i Rat or 

Organization 

5 

92.4 

Upper  and  Lower 
Pools,  Pool  1, 
Pool  2,  Minne¬ 
sota  River,  and 
St.  Croix  River. 

Roscoe  Colingsworch 

North  Star 
Research 
Institute 
Minneapolis, 

MN 

1 

18.3 

Pool  3 

Edward  Miller 

St.  Mary's  Col¬ 
lege,  Winona,  MN 

-4- 


4 

82.6 

Pools  4,  5,  5A 
and  6. 

Calvin  Fremling 

Winona  State 
College,  Winona 

MN 

2 

35.1 

Pools  7  &  8 

Thomas  Claflin 

Univ.  of  Wise. , 
at  LaCrosse,  La 
Crosse,  W1 

1 

31.3 

Pool  9 

James  Eckblad 

Luther  College 
Decorah, 1A 

1 

32.8 

Pool  10 

Edward  Cawley 

Loras  College 
Dubuque , 1A 

Because  different  problems  arise  in  different  segments  of  the  river,  each  in¬ 
vestigating  team  used  its  own  judgment  in  conducting  its  studies.  However, 
North  Star  —  in  conjunction  with  the  investigators  cited  above  —  developed 
general  guidelines  for  conducting  the  field  studies,  acquiring  data,  and  pre¬ 
senting  the  data  in  a  final  report.  This  required  that  North  Star  develop  a 
reporting  format  that  could  be  used  for  all  pool  reports  so  that  the  series  of 
reports  would  have  maximum  utility  and  comparability. 

Analysis  of  Socioeconomic  Activities 

The  socioeconomic  analysis  for  all  pools  in  the  study  area  was  conducted 
by  a  team  including  Dr.  C.  W.  Rudelius  of  the  University  of  Minnesota  and 
William  L.  K.  Schwarz  of  North  Star.  The  socioeconomic  impacts  were  analyzed 
by  the  same  team  for  all  fourteen  segments  of  the  Northern  Section  because 
substantial  economies  in  data  collection  were  possible  with  this  approach. 

The  initial  data  for  each  pool  were  collected  and  then  were  submitted  for  re¬ 
view  and  updating  to  the  investigator  analyzing  the  natural  systems  for  that 
pool.  The  suggestions  of  these  investigators  were  incorporated  in  the  socio¬ 
economic  portions  of  each  pool  report. 

Report  Objectives 

Because  the  Corps  is  required  to  submit  an  environmental  impact  statement 
for  each  pool  and  tributary  in  the  Northern  Section  on  which  they  carry  out 
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operation  and  maintenance  activities,  this  study  is  being  carried  out  and 
reported  on  by  pool  (and  tributary). 

The  present  report  deals  only  with  Pool  1  on  the  upper  Mississippi  River, 
described  in  detail  in  subsequent  pages.  Background  information  that  applies 
to  two  or  more  pools  in  the  study  area  appears  as  a  portion  of  each  appropri¬ 
ate  report.  This  is  necessary  since  the  report  on  each  pool  must  be  capable 
of  being  read  and  understood  by  readers  who  are  interested  only  in  a  single 
pool. 


The  overall  objectives  of  this  report  are  to  identify  and  provide  an  as¬ 
sessment  of  the  impacts  of  the  Corps  of  Engineers  activities  related  to  Pool 

1.  Specifically  following  this  section,  the  report  is  in  the  format  required 
for  the  Environmental  Impact  Statement,  and  seeks: 

1.  To  identify  the  environmental,  social,  and  economic  impacts  of  the 
Corps'  activities  related  to  Pool  1. 

2.  To  ’-.entify  and,  where  possible,  measure  the  beneficial  contributions 
and  .'-'rrimental  aspects  of  these  impacts  and  draw  overall  conclusions 
about  „ne  net  effects  of  Corps*  activities. 

3.  To  recommend  actions  and  possible  alternative  methods  of  operations 
that  should  be  taken  by  the  Corps  of  Engineers  and  other  public 
agencies  and  private  groups  to  reduce  detrimental  aspects  of  the  pro¬ 
ject. 

4.  To  identify  additional  specific  research  needs  to  assess  the  impacts 
and  increase  the  net  benefits  of  Corps’  operations. 

The  report  includes  an  analysis  of  natural  and  socioeconomic  systems.  The 
natural  systems  include  terrestrial  and  aquatic  plant  and  animal  life  as  well 
as  the  nature  of  the  land  and  quality  of  the  water.  Socioeconomic  systems  in¬ 
clude  industrial  activities,  such  as  income  and  employment  generated  by  barge 
traffic  or  activities  in  operating  the  locks  and  dams  and  commercial  fishing; 
recreational  activities,  such  as  fishing,  boating,  or  hunting  that  are  affec¬ 
ted  by  Corps'  operations;  and  cultural  considerations,  which  include  archaeo¬ 
logical  and  historical  sites. 
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1.  PROJECT  DESCRIPTION 

The  present  Corps  of  Engineers'  project  in  Pool  1  (Mississippi  River 
Mile  853.3  to  847.6,  Figure  1)  consists  of  the  operation  and  maintenance  of 
a  dam  and  two  locks  and  maintenance  by  dredging  of  a  navigation  channel  of 
nine-foot  minimum  depth.  The  Corps'  facilities  include:  (1)  a  fixed-crest 
dam,  with  provision  for  hydroelectric  power  production;  (2)  two  navigation 
locks;  (3)  a  control  station,  observation  platform,  guide  walls  and  other 
structures;  and  (4)  masonry  to  protect  the  bluff.  The  operation  of  these 
facilities  provides  for  the  passage  of  commercial  and  pleasure  craft.  Main¬ 
tenance  includes  dredging  the  channel  to  assure  the  minimum  depth,  clearing 
of  debris,  and  repairing  the  locks  and  dam. 

AUTHORIZATION 

The  present  nine-foot  project  was  authorized  by  Congress  by  the  Rivers 
and  Harbors  Act  of  July  30,  1930,  as  amended  by  Public  Resolution  No.  10, 
February  24,  1932,  and  by  the  Act  of  August  26,  1937  (See  Table  1).  Lock 
and  Dam  1,  completed  in  1917  as  part  of  the  six-foot  project,  was  modified  to 
accommodate  nine-foot-draft  traffic  in  1930.  A  second  lock  was  added  in  1932 
on  the  landward  side  of  the  original  lock.  Additional  acts  have  provided  for 
locks  and  dam  operation  and  care,  harbor  enlargement  and  channel  dredging, 
and  park  and  recreational  facilities. 

HISTORY 

In  1824,  a  year  after  the  sternwhceler  "Virginia"  initiated  navigation  to 
Fort  Snelling,  Congress  authorized  the  Corps  of  Engineers  to  improve  navigation 
of  the  Mississippi  River  by  removing  snags,  wrecks,  shoals  and  sandbars. 

The  first  comprehensive  improvement  of  the  river  for  navigation  was  autho¬ 
rized  by  the  Rivers  and  Harbors  Act  of  June  18,  1878  (See  Table  2)  to  obtain 
a  4.5-foot  channel  from  the  mouth  of  the  Missouri  to  St.  Paul.  The  Act  of  1894 
extended  this  project  from  St.  Paul  to  Minneapolis  by  means  of  two  dams  at  Mile 
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Figure  1.  The  Mississippi  River  and  its  Major  Tribut 
in  the  Twin  Cities  Area  (FWPCA,  1966) 


Table  1.  Congressional  Authorizations 
Pertaining  to  the  9-foot 
Channel  (OCE,  1970). 


Rivers  and 

Harbors  Acts  Work  Authorized  Documents 


January  21,  1927 

Survey  of  Mississippi  River 
from  Missouri  River  to 
Minneapolis  to  determine 
feasibility  of  9-£t.  Channel 

House  Document,  69tli 
Congress,  1st  Session 

July  3,  1930, 
amended  by  Public 
Resolution  10, 
February  24,  1932 

Modify  permanent  structures 
under  construction  to  accom¬ 
modate  9-ft.  Channel;  complete 
survey  for  9-ft.  Channel. 

Chief  of  Engineers  granted 
discretionary  authority  to 
modify  plans  as  deemed  advis¬ 
able,  construction  of  a  para¬ 
llel  lock  at  Lock  and  Dam  No.  1 
dredging  at  head  of  pool. 

House  Document  290, 
71st  Congress,  2nd 
Session 

January  26,  1934 

Operation  of  snagboats, 
operation  and  care  of 
locks  and  dams. 

None 

August  26,  1937 

Adopted  9-ft.  project  from 
Illinois  River  to  Minneapolis 
dredging  at  head  of  pool. 

House  Document  137, 
72nd  Congress,  1st 
Session 

December  22 ,  1944 

Public  park  and  recreational 
facilities. 

None 

March  2,  1945 

Changes  or  additions  to  pay¬ 
ments,  remedial  works,  or 
land  acquisitions  authorized 
by  Rivers  and  Harbor  Act  of 
August  26,  1937  (House  Docu¬ 
ment  34  ,  75 tli  Congress,  1st 
Session) ,  as  Chief  of  Engi¬ 
neers  deems  advisable. 

None 
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Project 
4.5  foot 


5-foot 


6-foot 


Table  2.  Congressional  Authorization  Pertaining 
to  Navigation  Projects  in  Pool  1  Prior 
to  the  9-foot  Project  (OCE,  1970). 


Rivers  and 

Harbors  Acts  Work  Authorized  Documents 


July  8,  1878  Adopted  Project  from 

St.  Anthony  Falls  to 
Alton,  Illinois 

August  18,  1894  Extended  project  from 
St.  Paul  to  Washington 
Ave.  Bridge  by  construc¬ 
tion  of  two  locks  and 
dams 


March  3,  1899  Authorized  completion 
of  Lock  and  Dam  2  at 
Mile  850  and  construc¬ 
tion  of  Lock  and  Dam  1 
at  847.6 


March  2,  1907  Modification  of  Lock 
and  Dam  1  for  6-foot 
channel,  power  develop¬ 
ment  ;  abandonment  of 
Lock  and  Dam  2 


March  2,  1919  Dredging  a  turning 

basis  the  full  width 
and  length  of  the 
Minneapolis  Harbor 


September  22,  Dredging  to  landings 

1922  in  main  river  and 

sloughs 

December  4,  1928  Modification  of  Minne¬ 
apolis  Harbor  by  dredg¬ 
ing 


House  Document  75, 
pt.  6,  43rd  Congress, 
2nd  Session 

Senate  Document  109, 
53rd  Congress,  2nd 
Session 


House  Document  164, 
57th  Congress,  1st 
Session 


House  Document  741, 
61st  Congress,  2nd 
Session 


House  Document  1512, 
63rd  Congress,  3rd 
Session 


None 


House  Document  24, 
70th  Congress,  2nd 
Session 


i 

i 


847.6  and  850.0,  and  the  Acts  of  1899  and  1901  authorized  completion  of  these 
facilities.  The  Rivers  and  Harbors  AcL  of  1907  provided  for  raising  the 
height  of  Lock  and  Dam  1  for  the  six-foot  channel  project  and  for  power  pro-, 
duction.  Construction  was  completed  in  1917,  resulting  in  the  flooding  and 
abandonment  of  Lock  and  Dam  2  at  Mile  850. 

The  Acts  of  1919,  1922  and  1928  authorized  the  dredging  of  the  Minnea¬ 
polis  harbor  and  to  landings  in  the  main  river. 

This  lock  was  rebuilt  in  1930,  after  the  lower  initcr  gates  of  the  origi¬ 
nal  lock  failed,  to  accommodate  the  newly  authorized  nine-foot  deep  channel, 
which  was  authorized  by  the  Rivers  and  Harbors  Act  of  1930  as  amended  and  by 
subsequent  Acts. 

MAPPING 

Numerous  surveys  of  the  Mississippi  River  have  been  made  by  the  Corps 
since  the  raid-1860 's.  The  Corps  published  a  series  of  charts  of  the  4.5- 
foot  channel  project  for  the  Mississippi  River  Commission  (MRC  Charts),  show¬ 
ing  river  soundings,  wing  dams,  bottom  type  and  land  use,  from  1894  to  1907. 

The  six-foot  channel,  which  was  authorized  by  the  Act  of  1907,  was  sur¬ 
veyed  by  air  in  1927.  This  survey,  was  published  in  1930  as  the  "Brown  Sur¬ 
vey"  and  reissued  as  the  "l’lowage  Charts"  in  1933-34  in  order  to  include  land 

use. 

In  1938  the  Corps  published  charts,  of  the  survey  of  the  now  nine-foot 
channel,  the  "Continuous  Survey",  showing  r i  cr  soundings  and  sandbars.  Sever¬ 
al  editions  followed,  as  "Navigation  Charts",  and  emphasized  aids  to  navigation. 
The  current  ( 1 972)  edition  is  based  on  a  1964  aerial  survey  and  presents  updated 
information  and  a  more  compact  format  than  the  previous  edition. 
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CORPS  FACILITIES 

Lock  and  Dam  1,  which  is  the  second  oldest  of  28  such  facilities  on  the. 
Mississippi  River,  is  located  at  Mile  847. G  near  Lhc  Ford  plant  and  the  Min¬ 
nesota  Old  Soldiers  Home.  It  was  completed  in  1917  as  part  of  the  six-foot 
project,  and  rebuilt  in  1930  to  accommodate  nine-foot-draft  vessels.  A 
second  lock  was  added  in  1932  on  the  landward  side  of  the  original  lock  (See 
Figures  2  and  3) . 

The  facility  presently  consists  of  (1)  the  two  navigation  locks;  (2)  a 
574-foot  fixed-crest  dam, 152  feet  of  which  has  been  modified  for  hydroelec¬ 
tric  power  production  (by  the  Ford  Motor  Company);  (3)  guidewalls,  a  control 
station,  an  observation  platform,  and  related  structures;  and  (4)  bluff  pro¬ 
tection  (See  Figure  4).  Total  cost  of  this  facility  was  $6,252,334,  includ¬ 
ing  the  original  lock  and  dam,  bluff  protection  and  recreation  facility. 

Locks 


The  old  riverward  lock  was  rebuilt  in  1930  due  to  the  failure  of  the 
lower  miter  gates  in  August  1929.  Originally,  a  structure  suitable  for  nine- 
foot-draft  navigation  was  to  be  constructed  based  upon  the  design  pool  level 
for  the  new  Lock  and  Dam  2  which  was  then  under  construction.  However,  due 
to  probable  seepage  damages,  interests  in  the  South  St.  Paul  stockyards  area 
of  Pool  2  obtained  a  court  order  limiting  the  elevation  *-o  whi^  .  ’'he  pool 
could  be  raised  to  685.7  m.s.l.  Later,  in  1934,  t !?•  ;ourt  approved  the  rais¬ 
ing  of  the  pool  to  elevation  687.2,  which  was  1.9  feet  less  than  its  designed 
height.  As  a  result,  there  is  a  depth  of  only  7.5  feet  over  the  lower  sill 
at  flat  pool  or  about  8  feet  at  normal  tail  water  elevation,  hence  the  lock 
has  had  little  use  except  for  an  occasional  locking  of  pleasure  boats,  empty 
barges,  or  shallow-draft  towboats. 

When  this  riverward  lock  was  built,  its  landward  wall  was  constructed  of 
*  Mean  sea  level,  1912  adjustment. 


Figure  2.  Aerial  Photo  of  Lock  and  Dam 
(S.P.D.-NCS,  1973) 
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adequate  width  with  two  emptying  and  filling  tunnels  to  serve  also  as  the 
riverward  wall  of  the  second  lock  when  it  would  be  constructed.  The  land¬ 
ward  lock  was  built  in  1931-32  as  a  safeguard  to  maintain  river  traffic  to 
and  from  Minneapolis.  Minneapolis,  as  a  result  of  the  failure  of  the  origi¬ 
nal  lock,  was  without  barge  line  service  for  over  a  year,  and  it  was  deter¬ 
mined  that  a  recurrence  should  be  avoided  if  at  all  possible. 

The  downstream  sill  of  the  newer  lock  has  a  top  elevation  of  677.2,  pro¬ 
viding  a  depth  of  about  10.8  feet  at  normal  tail  water  elevation;  hence,  this 
landward  lock  handles  practically  all  traffic  through  this  facility. 

The  original  lock  was  to  serve  as  an  auxiliary,  but  now  is  kept  half  full 
in  order  to  brace  the  weakened  wall  between  the  locks.  Both  locks  are  56  by 
400  feet.  Each  lock  is  closed  by  a  pair  of  miter  gates  and  the  level  changed 
35.9  feet  by  gravity  flow  through  filling  and  emptying  ports  (See  Figure  4, 
Sections  B-B,  X-X  and  Y-Y)  by  a  system  of  valves  and  pipes. 

Due  to  the  use  of  gravity  for  filling  and  emptying  the  locks,  only  a 
relatively  small  amount  of  electric  power  is  required  for  the  operation  of 
the  gates,  valves  and  lights  of  the  lock  and  dam. 

Dam  Description 

The  plan  and  sections  for  the  dam  are  shown  in  Figure  3  and  4.  The  dam 
is  an  Ambursen-type  concrete  structure  and  for  the  greater  part  is  supported 
on  ah  alluvial  fill  consisting  primarily  of  sand,  gravel  and  limestone  slabs. 

A  portion  of  the  dam  and  apron,  however,  is  supported  on  timber  piling.  Along 
its  upstream  face  is  a  steel  sheet  pile  cutoff  wall.  There  is  also  a  row  of 
steel  sheet  piling  along  the  toe  of  the  apron  as  a  preventive  measure  against 
scour. 

During  maintenance,  the  crest  and  the  downstream  face  was  resurfaced 
(1949-53),  and  a  major  portion  of  the  apron  has  been  replaced  and  a  baffle 


wall  was  constructed  on  the  apron  to  induce  a  hydraulic  jump  to  overcome 
serious  scour  below  the  darn.  This  work  was  completed  in  1953.  In  1952  the 
dam  was  stabilized  by  placing  sand  fill  in  the  interior  to  reduce  the  possi¬ 
bility  of  failure  by  sliding.  Three  of  the  eight  sluice  gates  in  the  dam 
were  rehabilitated  and  hydraulic  machinery  to  operate  them  was  installed  in 
1954.  Under  present  pool  conditions,  the  dam  maintains  a  normal  head  of 
about  38  feet  during  the  navigation  season  and  about  36  feet  during  the  win¬ 
ter  season.  In  general,  the  dam  is  in  good  condition. 

Winter  Operations 


In  order  to  clear  ice  from  gate  pockets,  an  air  bubbler  system  is  pro¬ 
vided  at  the  upper  and  lower  miter  gates,  and  heaters  have  been  installed  on 
both  miter  gates.  The  heaters,  in  the  side  and  bottom  seals,  consist  of  im¬ 
bedded  tubes  containing  a  heated  and  circulated  antifreeze  solution. 

Due  to  extensive  erosion  of  the  sandstone  bluff  and  adjacent  to  the  land¬ 
ward  lock,  it  was  found  necessary  to  protect  the  exposed  sandstone  with  a  pre¬ 
formed  concrete  section  retaining  wall.  Work  on  this  wall  was  completed  in 
1956.  A  contract  for  210  feet  of  protection  of  exposed  rock  above  the  mason¬ 
ry  was  completed  in  August  1965.  A  contract  for  a  final  1,064  feet  of  pro¬ 
tection  was  completed  in  November  1966. 

Lands 

Land  in  Pool  1  owned  or  controlled  by  the  United  States  Government: 

Fee  title  32.80  acres 

Flowage  easement  263.67  acres 

Total  296.47  acres 

CORPS  OPERATIONS  AND  MAINTENANCE 

The  project  now  consists  mainly  of  the  operation  and  maintenance  of  Lock 
and  Dam  1,  and  the  maintenance  of  the  navigation  channel  by  dredging  of 
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accumulated  sediment  to  maintain  a  minimum  nine-foot  channel,  200  feet  wide. 
Occasionally  the  Corps  also  dredges  the  Minneapolis  harbor  at  Mile  852.6. 

Lock  and  Dam  Operations 

Lock  and  Dam  1  was  built  to  the  minimum  elevation  necessary  to  maintain 
low  flow  navigation  of  the  channel,  in  order  to  minimize  flooding  of  adjacent 
lands.  The  low  dam  elevation  and  small  pool  capacity  relative  to  flood  vol¬ 
ume  prevents  operation  of  the  dam  for  flood  control. 

Pool  elevation  is  maintained  at  725.1  feet  above  mean  sea  level  (1912 
adjustment)  when  the  2-foot  high  flashboards  are  in  place.  During  the  win¬ 
ter  and  floods,  these  boards  are  lowered,  allowing  pool  elevation  in  winter 
to  drop  to  723.1  feet. 


Locking  Priorities 


A  priority  system  for  vessels  locking  through  has  been  established  by 
the  Secretary  of  the  Army,  as  follows: 

1.  U.  S.  Military  vessels 

2.  Vessels  carrying  U.  S.  mail 

3.  Commercial  passenger  ships 

4.  Commercial  tows 

5.  Commercial  fishing  boats 

6.  Pleasure  boats 


Channel  Maintenance 

During  the  year,  changes  in  hydraulic  efficiency  of  the  river  (i.e. ,  its 
ability  to  maintain  in  suspension  continually  its  load  of  sediment)  along  the 
length  of  its  channel  results  in  areas  of  sediment  accumulation  in  Pool  1. 

These  areas  are  dredged  by  the  Corps  of  Engineers  to  remove  this  hazard  to  com¬ 
mercial  navigation,  using  clamshell  dredges  such  as  the  Derrickbarge  767. 
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Dredging  and  spoiling  are  carried  out  by  one  of  two  procedures,  depend¬ 
ing  on  the  proximity  of  the  dredge  site  to  the  spoil  disposal  site  on  the 
shore.  If  the  shore  is  within  reach  of  the  boom  of  the  clamshell  dredge, 
the  dredged  river  sediment  is  cast  directly  upon  shore.  Alternatively,  when 
the  dredge  is  beyond  reach  of  the  spoil  site,  the  sediment  is  cast  into  barges 
and  towed  to  the  spoil  site  (See  Figure  5).  At  the  spoil  site  the  sediment 
is  dropped  back  into  the  river  by  releasing  the  side  gates  on  the  barge  (See 
Figure  6).  The  sediment  is  then  redredged  by  another  clamshell  dredge  (D.B. 

771)  and  cast  upon  the  spoil  site,  whereupon  it  is  pushed  away  and  levelled 
by  bulldozers  (See  Figures  7  and  8). 

Dredging  to  maintain  the  nine-foot  channel  in  Pool  1  by  the  Corps  began 
in  1938.  It  has  since  produced  annually  an  average  of  over  125,000  cubic 
yards,  or  22,000  cubic  yards  annually  per  river  mile  (See  Table  3).  This 
volume  per  mile  is  the  highest  in  the  St.  Paul  District  (Table  4).  Most  of 
this  sediment  is  spoiled  either  on  the  left  (east)  bank  down  from  the  Frank¬ 
lin  Street  Bridge,  or  on  the  right  (west)  bank  downstream  from  the  Lake  Street 
Bridge.  Apparently  there  is  a  trend  to  smaller  volumes  of  sediment  dredged 
in  Pool  1  since  1954  (See  Figure  9).  However,  in  certain  years  larger  vol¬ 
umes  were  produced,  especially  after  the  floods  of  1965  and  1969.  Another 
trend,  evident  in  Figure  1  (Appendix  A,  IV),  is  the  progressive  downstream 
aggradation  of  the  river  bottom  in  Pool  1,  and  subsequent  need  for  dredging. 

Thus  dredging  in  the  1940's  was  necessary  between  Mile  850  to  853;  in  the  1950's, 
from  Mile  849  upstream;  and  in  the  1960's  to  present,  from  Mile  848  upstream. 

'The  large  volume  of  spoil  removed  from  Mile  852  in  the  early  1950's  is 
probably  due  to  the  construction  of  Lower  St.  Anthony  Falls  Lock  and  Dam  and 
the  floods  of  1951  and  1952.  The  latter  flood  also  necessitated  Lite  recon¬ 
struction  of  the  Upper  St.  Anthony  Falls  Dam. 

Changes  in  total  area  of  islands,  water  surface  and  spoil  were  completed 
from  1895  and  1935  survey  maps  (MRC,  1895;  Corps  of  Engineers;  1935),  and  from 
1973  aerial  photos  (S.P.D.-NCS,  1973a).  Between  1895  and  1932,  during  which 
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Figure  5.  The  Clamshell  Dredge  Derrickbarge  767  Deepening 

the  Nine-Foot  Navigation  Channel  on  the  Mississippi 
River.  The  spoil  is  Dropped  into  Waiting  Barges 
which  Transport  it  to  the  Spoil  Site  (Colingsworth) 


Figure  7.  The  Clamshell  Dredge  Derrickbarge  771  Redredges 
the  Spoil  Dropped  by  the  Barges  and  Casts  it 
onto  the  Spoil  Banks.  Note  the  Figures  in  the 
Right  Foreground  (Colingsworth) 


Figure  8.  The  Newly  Deposited  Spoil  Piles  are 
Levelled  by  Bulldozer  (Colingsworth) 


Volume  of  Sediment  Dredged,  in  10  .Cubic  Yards 
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Years 


Figure  9.  Annual  Volume  of  Sediment  Dredged  from  Pool  1 
(S.P.D.-NCS,  1973) 


Table  3.  Annual  Volume  of  Sediment  Dredged  in  Cubic 
Yards,  in  Tool  1  from  1938  to  1972 
(S.P.D.-NCS,  1973). 

Volume  Dredged  Volume  Dredged 

Year  Cubic  Yards  Year  Cubic  Yards 


1938 

40,518 

1955 

57,839 

1939 

30,864 

1956 

84,448 

1957 

174,993 

1940 

221,314 

1958 

48,020 

1941 

28,381 

1959 

43,256 

1942 

103,378 

1943 

192,271 

1960 

33,477 

1944 

97,464 

1961 

19,162 

1962 

32,963 

1945 

361,840 

1963 

63,932 

1946 

85,005 

1964 

2,921 

1947 

118,321 

1948 

129,434 

1965 

346,780 

1949 

42,131 

1966 

97,780 

1967 

78,875 

1950 

222,056 

1968 

26,253 

1951 

173,702 

1969 

301,184 

1952 

406,076 

1953 

196,991 

1970 

72,983 

1954 

173,870 

1971 

68,921 

1972 

219,999 

Annual  Average  125, 640 

Annual  Average/River  Mile  22,042 


Total 


Table  4.  Quantity  of  Sediment  Dredged  per  Year  from  the  M  i  r;s  ;>p  i  River 
and  Navigable  Tributaries  in  the  St.  Paul  Knginc  ers  Dirtri 
(Calculated  from  data  from  S.R.D. — CCS,  1973) 


Pool  or  Tri but ary 

Average  Annual 

Volume  Per  Year 
(in  cubic  yard:;) 

Average  Annual 
Volume  IVr  Yea 
Per  River  Mile 
(in  cubic _yards 

St.  Anthony  Falls 

23,522 

5,470 

Pool  1 

125,640 

22,042 

Minnesota  River 

12,253 

834 

Pool  2 

1 

175,126 

5,422 

St.  Croix  River 

40,836 

1,667 

Pool  3 

112,187 

6,130 

Pool  4 

487,836 

11,062 

Pool  5 

235,969 

16,052 

Pool  5A 

152,302 

15,865 

Pool  6 

95,371 

6,716 

Pool  7 

150,303 

12,738 

Pool  8 

282,549 

12,127 

Pool  9 

155,000 

4,984 

Pool  10 

94,313 

2,875 

Total  Annual  Volume 

‘  > 

14  St.  Paul  District 

2,143,207 

Average  Annual 
Volume  per  Pool 


133,086 


Average  Aimu'd 
Volume  per  Milo 


8,856 
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t  i mo  Lock  and  Dam  ]  was  built  to  it-,  present  elevat  ion,  the  water  surface 
area  increased  104  percent,  from  268.8  acres  to  548.6  acres  (Table  5).  Dur¬ 
ing  this  period  the  total  area  of  islands  decreased  from  72.0  atres  to  less 
than  1  acre.  Between  1912  (a  drought  year)  and  1973  (during  spring  high 
water)  the  water  surface  increased  27  percent,  from  548.6  acres  to  695.7 
acres,  while  spoil  areas  increased  from  0  to  nearly  46  acres.  Presently 
there  are  no  islands  in  Pool  1. 


Bridges 

Nine  railroad  and  automobile  bridges  span  the  Mississippi  River  in  Pool 
1  (See  Figure  1  in  Appendix  A, II).  Seven  of  these  bridges  are  located  in  the 
upstream,  more  urban-appearing  portion  of  the  pool,  from  the  Milwaukee  Road 
Railroad  Bridge  (near  the  Shriners'  Hospital)  and  1-35W  Bridge  (adjacent  to 
the  Cedar  Avenue  Bridge).  Vertical  clearance  of  the  bridges  range  from  29.4 
to  101.1  feet  above  normal  pool  elevation  (725.1  feet,  mean  sea  level,  1912 
data)  (Table  6). 


Table  5.  Changes  in  area  of  water  surface,  islands  and 
spoil  in  Pool  1  between  1895  and  1973 

Year  Water  Surface  Area  %  Change  Island  Area  Spoil  Area 

1895  260  7275 

104% 

1932  548.6  1 


1973 


695.7 


27% 


45.7 
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Table  6.  Upper  Mississippi  Kiver  Bridges 
Pool  1,  Mile  847.6  to  853.3 
(S.P.D.-NCS,  1969) 


Miles 

Above 

Ohio 

River 

Bridge 

Location 

Type 

of 

Struct . 

Use 

(2) 

Year 
Comp . 

(4) 

Height  (feet) 
Above  Project 
Elevation  (725 
(1) 

(3) 

Pool 

.1) 

Owner 

853.25 

Mpls. -Cedar  Ave. 
(I-35W) 

Truss 

H  Un 

.  Const. 

(N) 

Minn.  Dept,  of  H. 

853.15 

Mpls. -Cedar  Ave. 

Cone . 
Arch 

H-P 

1929 (R)  101.1 

City  of  Mpls. 

853.0 

Mpls. -Nr.  U.  of 
Minnesota 

Truss 

R 

1924 

29.4 

N.P.  Railway 

852.69 

Mpls. -Wa sh .  Ave . 

Girder 

H-P (5) 

1965 

70.1 

Minn.  Dept,  of  H. 

851.8 

Mpls. -Dartmouth 

Ave. 

Girder 

H-P 

1964 

64.87 

Minn.  Dept,  of  H. 

851.5 

Mpls . -Franklin 

Ave. 

Cone. 

Arch 

H-P 

1923 

93.  9A 

City  of  Mpls. 

850.7 

Mpls. -nr.  Shriners' 
Hospital 

Truss 

R 

1902 

76.2 

Milwaukee  R.R. 

849.9 

Mpls. -St.  Paul-Lake 
Street 

Steel 

Arch 

H-P 

1888 

78. 2A 

Mpls.  &  St.  Paul 

847.8 

Mpls. -St.  Paul- 
Ford  Pkwy. 

Cone. 

Arch 

H-P 

1927 

85. 8A 

Mpls.  &  St.  Paul 

Operation  of  movable  bridges  is  governed  by  Code  of  Federal  Regulations,  Title  33, 
Chapter  II,  Sections  203.555  and  203.560  (g)  (13). 

(1)  All  elevations  are  mean  sea  level  (1912  adj.). 

(2)  H-Highway,  P-Pedestrian  walks,  R-Railroad. 

(3)  A-Crown  of  arch. 

(4)  N-new  bridge,  R-remodeled. 

(5)  Pedestrian  deck  above  vehicular  deck. 
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2.  ENVIRONMENTAL  SETTING 


NATURAL  SETTING 

The  present  natural  environmental  setting  includes  the  project  from  the 
construction  of  nine-foot  channel  in  1930  to  the  present  because  this  is  an 
ongoing  project.  The  environmental  setting  without  the  project,  in  this 
case  prior  to  project  construction,  must  be  reconstructed  from  published  in¬ 
formation. 


Ecosystems 

The  ecosystems  of  the  upper  Mississippi  River  and  its  valley  in  Pool  1 
may  be  divided  into  several  reaches  and  into  various  components  or  subgroups 
for  more  detailed  description.  Thus,  Pool  1  may  be  divided  into  two  reaches: 
(1)  the  Upper  Reach,  that  portion  from  St.  Anthony  Palls  to  just  below  the 
Washington  Avenue  Bridge  in  which  the  banks  are  crowded  with  buildings, 
bridges  and  industry;  and  (2)  the  Lower  Reach,  that  stretches  from  just  below 
the  bridge  to  Lock  and  Dam  1,  containing  mostly  undeveloped  banks,  recre¬ 
ational  areas,  and  dredge  spoil  deposits  (See  Figures  10A  and  B,  11,  12  and 
13A  and  B;  also  Figure  1  in  Appendix  A,  IV). 

The  various  elements  of  Pool  1  ecosystems  have  been  divided  into  two 
aspects:  physical  and  biological  in  this  report.  The  first  is  the  physi¬ 
cal  aspect,  including  geologic,  climatic,  and  hydrologic  components.  The 
section  on  biological  aspects  or  systems  includes  floral  and  faunal  compo¬ 
nents  as  part  of  terrestrial  and  aquatic  ecosystems. 

It  cannot  be  overstated,  however,  that  such  divisions  disguise  the  often 
numerous  and  complex  interactions  between  components  within  these  river  valley 
ecosystems  as  well  as  with  components  elsewhere  in  the  watershed.  Thus,  wher¬ 
ever  possible,  the  characteristics  of  components  in  Pool  1  will  be  discussed 
in  relation  to  the  Twin  Cities  area,  as  well  as  to  the  entire  drainage  basin. 
Interactions  with  areas  outside  of  the  basin  may  be  dealt  with  in  a  very  gen¬ 
eral  manner. 


Figure  10A.  Aerial  View  Upstream  of  the  Upper  Reach  of  Pool  1,  Showing 
the  Location  of  Transect  1AA  and  the  Barge  Terminals  on 
the  West  (Right)  Bank  of  the  Mississippi  River  Near  the 
Washington  Avenue  Bridge  (Colingsworth) 


Figure  10B.  Profile  of  Transect  1AA,  Mississippi  River 
Mile  853.1  (Gudmundson) 


Figure  11.  Aerial  View  Upstream  of  the  Lower  Reach  of  Pool  1.  A  Dredge  Spoil 


Figure  12.  Profile  of  Transect  IBB,  Mississippi  River  Mile  851.1  (Gudmundson) 
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Figure  13A. 


Aerial  View  Downstream  of  the  Lower  Reach  of  Pool  1. 
Dredge  Spoil  Piles  are  Located  on  the  West  (Right) 
Bank  at  the  Lake  Street  Bridge.  Transect  ICC  is 
Located  just  Upstream  from  the  Ford  Bridge  in  the 
Background  (Colingsworth) 


navigation  channel 

Figure  13B.  Profile  of  Transect  ICC,  Mississippi 
River  Mile  848.0  (Gudmundson) 
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Physical  Aspects 


Topography  and  Climate 


From  its  source  in  Lake  Itasca  downstream  to  Lock  and  Dam  1,  the  upper 
Mississippi  River  has  a  drainage  basin  of  19,700  square  miles  (Figure  14). 
This  large  watershed  consists  principally  of  level  to  rolling  terrain.  Sce¬ 
nic  bluffs  100  feet  or  more  in  height  occur  along  some  portions  of  the  River 
and  its  tributaries.  The  present  topography  is  derived  mainly  from  drift 
left  by  the  Pleistocene  glaciers  and  subsequently  modified  by  erosion,  plants 
and  animals,  and  more  recently,  by  man. 

Presently  the  climate, which  is  moderately  continental  and  grades  east¬ 
ward  from  dry  subhumid  to  humid,  combined  with  the  influence  of  soils  and 
man's  activities , has  led  to  a  vegetation  gradient.  Thus  the  extensive 
mixed  pine-hardwood  forests  bejeweled  with  numerous  lakes  and  streams  in  the 
northeast,  give  way  to  former  prairie — now  productive,  open  farmland  in  the 
southwest  dotted  with  marshes  and  laced  with  ditches  and  streams. 

Upstream  from  the  Twin  Cities  the  Mississippi  River  meanders  between 
banks  15  to  25  feet  high  through  a  broad  but  shallow  glacial  outwash  valley. 
Then,  at  St.  Anthony  Falls  it  descends  75  feet  and  flows  eight  miles  to  Fort 
Snelling  through  a  100  feet  deep  gorge  scoured  out  by  those  falls.  Near 
Minnehaha  Creek  the  Mississippi  drops  another  38  feet,  at  Lock  and  Dam  1. 
Downstream  from  Fort  Snelling,  where  it  is  joined  by  the  Minnesota  River, 
the  Mississippi  is  contained  by  another  broader  but  deeper  valley,  once 
carved  by  a  huge  glacial  meltwater  river. 


Geology 


The  upper  Mississippi  River  watershed  is  underlain  by  a  series  of  Pre- 
cambrian  igneous  and  metamorphic  rocks  north  of  Big  Lake,  Sherburn  County, 
Minnesota.  Downstream  this  basin  is  underlain  by  Cambrian,  Ordovician  and 
Devonian  sandstones  and  limestones  to  the  east  and  south,  and  by  Cretaceous 


Figure  14.  Upper  Mississippi  River  Basin  Above 
St.  Paul,  Minnesota  (MNDNR,  1972) 
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shales  to  the  southwest  and  beyond  the  watershed  (See  Figure  15  and  Figure 

16). 

In  the  last  million  years  at  least  four  glaciers  gouged  their  way  ac¬ 
ross  these  rocks  and  through  the  Twin  Cities  (See  Figure  17),  then  receded 
and  left  hills  and  valleys  formed  from  drift  or  rocky  debris  which  they  had 
transported  long  distances.  Deposits  left  by  the  last  one,  the  Wisconsin 
Glacier,  were  brought  in  several  phases,  first  from  the  northeast  by  the 
Superior  Lobe  (See  Figure  18).  This  drift  consists  of  red  sands  and  pebbly 
deposits.  Later  the  Grantsburg  Sublobe  of  the  Des  Moines  Lobe  brought  buff- 
colored  sands,  clays,  and  rock  from  the  Cretaceous  shales,  more  or  less 
covering  much  of  the  previous  deposits.  Such  deposits,  if  unstratified,  are 
termed  till;  if  transported  and  sorted  according  to  size  by  glacial  melt¬ 
waters,  they  are  termed  outwash. 

These  several  glacial  advances  stagnated  at  various  times  and  places  in 
Minnesota  and  elsewhere,  dumping  huge  mounds  of  rock,  stone,  gravel,  sand 
and  clay.  The  mounds  were  formed  at  the  terminus  of  the  glaciers  and  gen¬ 
erally  conformed  to  their  shape;  thus,  they  are  termed  "end"  or  "terminal" 
moraines.  Terminal  moraines  and  other  tills  and  outwash,  which  have  been 
subsequently  modified  by  climate,  vegetation  and  man,  form  our  present  soils 
and  topography. 

Most  of  Minnesota  lies  between  1000  and  1500  feet  above  mean  sea  level, 
with  higher  elevations  in  the  northeast  and  southwest  corners  of  the  state 
as  well  as  around  the  Mississippi  River  headwaters  and  in  southern  Otter- 
tail  County.  Within  the  Mississippi  River  watershed,  elevations  below  1000 
feet  border  the  Mississippi  River  and  its  tributaries.  Sharp  relief  occurs 
along  the  Mississippi,  Minnesota  and  St.  Croix  Rivers  where  erosion  has  cut 
through  underlying  bedrock,  forming  sharp  scenic  bluffs. 

The  valley  presently  occupied  by  Pool  1  was  formed  during  the  northward 
recession  of  the  Wisconsin  Glacier  over  10,000  years  ago  as  the  present  floor 
of  the  Minnesota  River's  valley  was  being  lowered  by  a  great  rush  of  glacial 
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Figure  16.  North-South  Vertical  Section  thru  the  West.  End  of 
Pike  Island  Showing  the  Twin  Cities  Artesian  Basin 
(Winter  and  Norvitch,  1972). 


Figure  17. 


Map  of  Ice  Sheets  of  the  United  States 
(Schwartz  and  Thiel,  1963) 
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Figure  18.  Maps  of  Minnesota  Showing  Extent  of  Ice  Lobes  During  Various 

Phases  of  Wisconsin  Glaciation  (From  Winter  and  Norvitch,  1972) 


meltwater.  This  was  the  Glacial  Lake  Agassiz  located  to  the  west  and  north. 
Today,  the  Minnesota  River  and,  downstream  from  Fort  Snelling,  the  Mississippi 
River,  meander  through  this  broad  and  deep  valley,  200  to  300  feet  below  the 
upland. 


At  St.  Paul,  near  the  present  location  of  Holman  Field,  Glacial  River 
Warren  plunged  over  a  rock  ledge  into  a  preglac.ial  channel  (See  Figure  19); 
other  preglacial  valleys  were  apparently  filled  with  sediment.  This  falls 
receded  upstream  to  the  site  of  the  present  Fort  Snelling,  where  it  divided. 
The  main  falls  soon  became  extinct  when  it  encountered  another  prcglacial 
valley  about  three  miles  up  the  present  Minnesota  River.  The  St.  Anthony 
Falls  were  born  as  the  River  Warren  Falls  eroded  past  a  tributary:  the 
present  Mississippi  River.  Similarly,  as  St.  Anthony  Falls  receded  upstream 
from  Minnehaha  Creek,  Minnehaha  Falls  began.  As  the  larger  St.  Anthony  Falls 
eroded  the  soft  St.  Peter  Sandstone  from  under  the  harder  Plat:  •.  ville  Lime¬ 
stone,  the  deep  gorge  was  formed  in  which  now  lies  the  present  Pool  1.  These 
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soft  rock  formations  are  exposed  along  the  liver  biuffs  in  Poo]  ],  These 
and  deeper  formations  dip  about  20  feet/mile  toward  a  low  point  on  the  Mis¬ 
sissippi  River  just  south  of  the  University  of  Minnesota,  forming  the  Twin 
City  artesian  basin  (See  Figure  16). 

Cl imate 

The  climate  in  the  upper  Mississippi  River  basin  varies  from  dry  sub- 
humid  in  the  west  to  humid  near  Lake  Superior,  with  the  Twin  Cities  in  the 
larger,  moist  sub hum id  central  region.  The  average  temperature  varies  from 
about  45°F.  to  less  than  40°F.  from  south  to  north,  while  the  normal  total 
precipitation  varies  from  less  than  20  inches  per  year  in  the  prairie  to 
more  than  28  inches  per  year  in  the  northeast.  About  20  percent  of  this 
precipitation  falls  between  November  and  March.  Average  wind  velocities 
range  from  6  to  12  miles  per  hour  with  storm  winds,  especially  tornadoes, 
greatly  exceeding  this.  Generally  the  summer  winds  are  southerly,  bringing 
tropical  air  to  the  region,  and  winter  winds  bring  arctic  air  masses. 

Soils 

The  composition  and  depth  of  soil  is  a  product  of  climate,  vegetation 
and  animals  modifying  parent  material.  Topography  and  exposure  are  also  im¬ 
portant. 

The  soils  in  the  upper  Mississippi  River  watershed  vary  from  the  north¬ 
eastern  well-leached  (pedalfer)  soils,  which  are  typical  of  moist  forests 
and  have  a  shallow  organic  layer,  to  poorly  leached  (pedocal)  soils  having 
a  deep  organic  layer  In  the  prairie  southwest.  The  Twin  Cities  soils  are 
primarily  pedalfer  and  vary  from  sandy  clay  loams  on  till  to  loamy  sands 
which  were  deposited  in  slow-wai er  reaches  and  a  few  small  areas  of  clayey 
soils  deposited  in  standing  water  (Sec  Figure  20).  ’dell -drained  sites  and 
northern  exposures  have  lighter  soils  with  less  organic  material. 
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Figure  19.  Map  Showing  Preglacial  and  Interglacial  River 
Valleys  of  the  Twin  Cities  Area  (Schwartz 
and  Thiel,  1963) 


The  soils  along  and  on  top  of  the  bluffs  in  Pool  1  are  generally  medi¬ 
um  and  coarse  sandy  soils  of  variable  thickness.  These  soils  are  character¬ 
istically  well-drained,  acid  and  low  in  nitrate  and  phosphate.  The  slope  is 
under  12%  and  the  percolation  rate  is  generally  loss  than  10  minutes  p >r  inch. 

In  the  river  valley,  dark,  organic  rlvcr-botl.om  soils  seasonally  inun¬ 
dated  and  poorly  drained  are  present  only  at  the  University  river  fiats  and 

lower  portion  of  west  Riverside  Park.  Other  low,  sandy  soils  occur  as  dredged 
spoil  deposits  at  River  Miles  849.50,  851  and  852. 


SOILS  for  URBAN  PURPOSES 
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ties  Metropolitan  Area  (Hanson  et_  ajU  ,  1967) 


Groundwater 


Large  quantities  of  groundwater  are  present  here  in  the  highly  permeable, 
surficial  sand  deposits.  Many  lakes  and  streams  are  located  in  these  depos¬ 
its.  Rapid  removal  of  groundwater  from  these  aquifers  generally  induces  water 
to  move  from  the  lakes  and  streams.  These  aquifers  supply  95  percent  of  the 
water  outside  of  the  large  cities.  They  are  similar  in  chemical  composition 
from  the  Mississippi  headwaters  to  the  Twin  Cities,  except  that  in  the  Cities 
they  have  only  1%  to  10%  of  the  iron  content. 

In  the  Twin  Cities  and  13  surrounding  communities,  the  Mississippi  River 
supplies  the  water.  However,  there  are  also  a  large  number  of  wells  in  this 
area  which  are  used  mainly  for  industries  and  air  conditioners.  Total  ground- 
water  consumption  was  200  mgd  (million  gallons  per  day)  in  1970,  estimated  to 
be  about  1/4  the  total  sustainable  yield.  The  Prairie  du  Chien  formation  of 
Jordon  Sandstone  supplies  about  75  percent  of  this  water,  while  the  Mount 
Simon-Hinckley  Sandstones  supply  another  15  percent.  The  former  aquifer  sup¬ 
plies  a  medium  hard  water  (average  412  ppm  hardness  as  CaC03  in  1961)  from 
350-  to  450-foot  depths.  It  also  contains  more  dissolved  solids,  sulfates, 
and  bicarbonates,  but  lower  iron  and  chloride  than  the  lower  (1000  foot)  Mt. 
Simon-Hinckley  aquifer  (USGS,  1970). 

Potentiometric  studies  (1970-71)  of  the  water  surface  in  the  Prairie  du 
Chien-Jordan  aquifer  in  the  Twin  Cities  indicate  two  groundwater  recharge 
areas  (See  Figure  21).  These  include  mainly  southwestwardly  inflow  from  an 
area  bounded  by  White  Boar  Lake,  to  just  west  of  Afton.  Southeastward  and 
eastward  inflov:  through  Lake  Minnetonka  area  constitutes  the  second  ground- 
water  supply  to  Pool  1. 

Hydrology 

Runoff  in  the  upper  Mississippi  River  basin  varies  from  one  inch  in  the 
westernmost  extent  to  eight  inches  in  the  northeast,  with  four  to  five  inches 
in  the  Metropolitan  area.  Evaporation  is  greatest  in  the  southwest,  at  34 
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Figure  21.  Potent  ioinetri  e  Surfnc.e  of  Water  in  the  Prairie  du  Chien- Jordan 
Aquifer  in  Winter  1970-71,  in  the  Minneapolis-St .  Paul  Area 
(Winter  and  N'orvitch,  1972) 


inches,  and  decreases  to  less  than  24  inches  in  the  northeast.  The  Twin 
Cities  lose  about  TO  to  31  inches  per  year  by  evaporation.  Some  runoff  is 
stored  in  six  upstream  reservoirs,  built  between  IRC]  and  1912  to  augment 
low  flow  for  navigation.  After  construction  of  the  Jocks  end  dams  and  es¬ 
tablishment  of  the  nine-foot  channel,  tliis  higher  minimum  flow  was  used  to 
offset  pollution. 

Average  (1907  to  1945)  daily  discharge  of  the  Mississippi  River  at  St. 
Antliony  Falls  is  5,510  cfs;  this  data  provides  a  reasonable  estimate  since 
only  a  few  intermittent  tributaries  enter  Pool  1.  Maximum  discharge  was 
91,000  cfs  in  1965  and  the  minimum  was  462  cfs  in  1934.  The  greatest  dis¬ 
charge  of  record  prior  to  construction  of  Lock  and  Dam  1  was  73,500  cfs  in 
1881. 

The  average  water  velocity'  in  Pool  1  is  about  0.5  mph  at  normal  stage, 
but  may  reach  5  mph  at  extreme  high  discharge. 

Since  navigation  is  not  feasible  at  discharges  greater  than  40,000  cfs, 
bridge  clearances  are  based  on  the  river  elevation  at  this  stage.  The  mini¬ 
mum  horizontal  clearance  of  bridges  at  this  discharge  is  160.0  feet  and  32.4 
feet  vertically  at  the  Northern  Pacific  Railroad  Bridge  at  Mile  853.0. 


Biological  Aspects 

Terrestrial  Vegetation 

The  native  vegetation  in  the  Upper  Mississippi  River  watershed  located 
in  Minnesota  and  western  Wisconsin  formed  a  gradient  fiom  tail-grass  prairie 
in  the  southv.'est  to  deciduous  (hardwood)  forest  to  mixed  deciduous-coniferous 
(hardwood  and  sof tvood)  forest  to  the  northeast  (See  Figure  22).  Contact 
zones  between  the  plant  communities  occurred  as  mosaics  of  peninsulas  and 
islands  rather  than  as  distinct,  separate  belts.  Climate,  topography,  expo¬ 
sure,  soils,  animals,  fire  and  human  history  are  important  determining  fac¬ 
tors  in  vegetational  pattern. 
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The  Twin  Cities  area  lies  in  an  island  of  prairie  vegetation,  where  un¬ 
disturbed,  in  a  westward-extending  peninsula  of  mixed  deciduous-coniferous 
forest  (Minnesota  Department  of  Conservation,  1965).  It  consists  of  white 
pine,  yellow  birch,  and  maple  on  heavier  soils,  and  red  and  jack  pine  on 
sandier  sites.  On  sandy  soils  to  the  northwest  of  the  Twin  Cities,  there 
is  an  island  of  the  drier  deciduous  forest.  Small  to  medium-sized  oaks  pre¬ 
dominate  in  this  forest. 

West  and  south  of  these  forests  lies  the  tail-grass  prairie  region  which 
included  bluestem  and  bunchgrasses  and  a  rich  assortment  of  nitrogen-fixing 
legumes.  This  prairie  has  built  up  the  soils  of  this  area  to  a  rich  level  of 
productivity.  Urban  and  agricultural  development  has  disrupted  or  removed 
much  of  this  vegetation  on  the  level  uplands.  A  few  small  patches  are  pre¬ 
served  in  the  park  area  on  the  bluff  top  on  the  right  bank  of  Pool  1.  Size¬ 
able  segments  of  Phragmites-domlnated  prairie  probably  remain  in  drier  bottom 
lands  and  steep-sloped  terrain. 

A  cross-section  from  the  river,  across  the  floodplain  and  up  the  bluff 
face,  shows  vegetational  zones  representative  of  Pool  1  (See  Figure  23).  The 
vegetation  changes  from  rich,  moist  grassy  meadows  and  bottomland  woods  to 
northern  hardwood  forest,  then  dry  upland  forest  near  the  top,  to  prairie 
grasses  on  the  drier  blufftop. 

On  the  floodplain  in  the  Twin  Cities  area,  exposed  sand  and  mud  deposits 
become  vegetated  by  herbs  such  as  teal  grass,  millet,  smartweed,  and  others 
(See  Table  7,  Wallace  et  n!. ,  1969).  This  herb  layer  continues  under  the 
river  bottom  forest,  will eh  consists  of  elm,  maple,  willow,  cottonwood,  and 
other  trees. 


In  Pool  1  the  few  acres  of  floodplain  are  located  in  the  upper  reach  of 
the  pool  and  are  occupied  by  a  park,  parking  lot  or  industry.  On  the  left 
band  of  transect  1AA  is  the  University  of  Minnesota's  coal  dock,  behind  which 
is  a  rocky  slope,  towered  over  by  a  cliff  of  Platteville limestone  (See  Figures 
24  and  25 ;  See  Table  1  in  Appendix  A  IV) . 


-45- 


Ri  vcr 
Bor do r 


Meadow 


River  Bottom  Lower 
and_  1  ;.]  auds_  81  ope 


I’Pi 

r>]  < 


•  or 


_i__ 


llill  Prairie 


Love- grass 
Sand- grass 
Recd-cnuary- 
yrass 
Rice 
cutgrass 
River  sedge 
Jovelwced 
Wild 
cue  vi  mb  or 
Cockl obur 
Beggar’s 
ticks 

Canada  wood 
nottl e 
Common 


Col  den  g  1  ov.’  v.’j.  1 1  ov; 
Sedges  11  a  c  k  B  e  r  r  y 

Milkweed  Croon  ash 
A  s  to  r  Co  1 1  oi  .wood 


Basswood  Rod  cedar 
Bi Lter-  White  oak 


nut  White  ])ino 

hickory  Sugar  maple 
llackhorry  rape)  birch 


Blue- joint  Silver  maple 
grass  Slippery 
Field  elm 

horsetail  Amor,  elm 
J  o  c.  ••  p  y  c.  -  B  a  s  swood 


I  ronwood 
Bur  oak 
Shagbark 
hickory 


weed  Bur  oak 

Water-  Common  nettle 

horchound  River  biren 

Swamp  -white  oak 
Red  maple. 


T  ronwuod 
Red  oak 
Bur  oak 
Hasselnu  t 
Sumac 
Wolf berry 
Prickly  ash 


B  jo,  1’]  ties  f  i  iu 
Li  tt’l  o  bl  in  :;1  on 
Ruckling  grama 
northern 
d  re;  >  seed 
Hairy  grama 
Porcupine  grass 
Lcadp] ant 
Ground  plum 


nettle 


White  snake- 
root 

Wild  grape 
Va.  creeper 
Sandbar 
willow 
Peach- leaved 
willow 
Amer.  elm 
Green  ash 
Cottonwood 
Silver  maple 


V-,  %  ,"1 

.y.i _ •  >  .  i 


G,f 


V 


A  i/ 


/ 

V. 


c  -  // 


w 


"NJ-" 


Figure  23.  Typical  Vegetation  Zones  Along  a  Transverse  Section 

from  the  River  to  the  Bluff  Top  (Lawrence  and  Ouckaunuson ,  1973) 
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Tabic  7.  Vegetation  Common  to  t  be  Habit  a  Is:  of  the  Upper  M  j.ss  j  ssippi 
River  V .alley  .and  BlufL  Tops  in  the  Twin  Cities  Area 
(Wallace,  Mcllarg,  Roberts  ami  Todd,  1969) 


Occur i  •:  life  end  Spjmirn 

Rare  in  the  metropolitan  area.  Often  included  in  the 
river- hoi  tow  cat  egory. 

Varies  great  l.y.  Seine  areas  contain  snarl  weeds ,  wild 
millet,  fall  panicum,  teal  g,rar;s  and  e.oc.Kl  ehur . 

River-bottom  Forests  that;  occur  adjacent  to  the  rivers  and  mainly 

forest  on  floodplains. 

Woody:  elm,  ash,  cottonwood,  hoy.  elder,  oaks ,  bass- 

'wood,  maple,  willow,  aspen,  hackbervy ,  with  occasions 
pines  and  arbor  vitae  in  the  pine,  region. 

Herbaceous:  some  smar tweed ,  valid  mil  let ,  fall 

pnni.cuui,  teal  grassland  cocklcbur. 

Woody:  " hi g  Woods"— oaks  (bur,  white.,  red,  and  black)  , 
elm,  basswood  and  maple  dominant;  with  ash,  hornbeam, 
aspen,  bi.rc.h,  wild  cherry,  hickory,  butternut,  black 
walnut. 

Aspen-birch- — eventually  become  hardwood  forests,  in¬ 
clude.:.;  ash,  elm,  maple,  basswood  and  oaks. 

Woody:  oak  openings  and  barrens- — scattered  trees  and 
groves  of  oaks  (mostly  bur  oak)  of  scrubby  lorm  with 
some  brush  and  thickets  and  occasionally  with  pines.. 

Aspen-Oak  l.and :  general  ly  dense.,  but  swell  in 

i..o.;t  places,  with  sc.ntle.rod  oaks  at  id  1  «.v  cl  .is,  atm , 
and  basswood. 

Brush  prnir'c  Grass  and  ore 

oak  and  has.,  .1 

in  the  south. 

Grassy  meadows  Willow  prairie  (prairie,  with  clumps  of  willows),  gro 

(prairie) 


d;  o{  aspen,  Pah. ;  ;.J ~0;  lend  ;  a  In  t  t  1  •' 
in  ti.c  north;  hut  main  I  y  o.-,k  .and  lia:-:-.  1 
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Figure  24.  Left  Bank  of  Transect  1AA,  Mississippi  River 

Mile  853.1.  University  of  Minnesota  Coal  Dock 
is  in  the  Foreground  (Colingsworth) 


L/B  Transect  1AA  River  Mile  853.1  R/B 
left  right 

bank  bank 


Figure  25.  Plan  and  Profile  of  Transect  1AA,  Pool  1  (Gudmundson) 


Roth  riverbanks  are.  covered  by  spoil  on  Transect  IBB  and  are  nearly  de¬ 
void  of  vegetation  (Figures  26  and  27).  Behind  the  spoil  is  a  dirt  and  rock 
slope  towered  over  by  cliffs  of  St.  Peter  sandstone  and  Pi nLtev i 1 ] e. limestone. 

The  left  bank  of  Transect  ICC  is  similar  to  the  banks  at  IBB,  but  lacks 
the  spoil  (See  Figures  28  and  29).  The  right  hank  consists  of  limestone 
blocks  forming  a  sloping  wall  about  six  feet  high,  with  vegetation  penetrating 
the  joints.  Above  this  wall  is  a  steep,  grassy  slope. 

The  bluff  slopes  have  a  variety  of  vegetaLion,  depending  on  the  density 
of  the  tree  canopy  and  amount  of  disturbance.  Cottonwood,  river  maple,  box 
elder,  red  maple,  green  ash,  basswood,  and  slippery  elm  are  common  tree  species 
on  these  slopes  (See  Tables  8,  9  and  10).  The  ICC  transect  also  had  bitter- 
nut  hickory,  paper  birch,  black  locust  and  northern  red  oak.  River  grape  and 
Virginia  creeper  are  common  under  the  denser  tree  canopy  and  were  the  only 
vegetation  under  the  canopy  on  the  left  bank  Transect  ICC. 

More  open  canopy,  such  as  on  the  right  bank.  Transect  ICC,  has  more  vari¬ 
ety,  including  staghorn  sumac,  sedges,  grasses,  daisy  fleabanc,  field  horse¬ 
tail,  false  indigo,  white  sweet  clover  and  milkweed. 

Vegetation  on  Spoil 


The  zonation  and  succession  of  vegetation  on  the  floodplain  has  been 
studied  by  George  (1924)  and  on  sandy  spoil  on  the  left  bank  downstream  from 
the  Franklin  Avenue  Bridge  by  Cooper  (1947).  George’s  study  dealt  mainly  with 
plant  succession  on  floodplain  areas  which  produced  three  stages  or  communi¬ 
ties  : 

1)  the  Populus-Salfx  community,  consisting  of  pioneer  cottonwoods,  wil¬ 
lows  and  several  non-woody  plants  growing  on  open  gravel  flats  which 
are  flooded  every  spring  but  arc  very  dry  the  rest  of  the  year; 

2)  the  Populus-Accr  community,  a  forest  made  up  of  cottonwoods,  surviv¬ 
ing  from  the  above  pioneer  community  and  the  silver  (river)  maple, 
located  on  river  terraces  or  old  flood  plains  in  moderately  moist 
habitats;  and 


I 
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Figure  26.  View  Upstream  of  the  Left  Bank  of  Transect  IBB,  Mississippi 
River  Mile  850.6.  The  Spoil  Pile  is  Located  Just  Upstream 
from  the  Abandoned  Lock  Visible  to  the  Right  Center.  Trees 
Cover  the  Dirt  and  Rock  Slope  and  the  Brim  of  the  Bluff 
(Colingsworth) 


Transect  IBB  River  Mile  850.6 
L/B  R/B 


Figure  27.  Profil  and  Plan  of  Transect  IBB,  Mississippi 
River  Mile  850.1  (Gudmundson) 


m 


Figure  28.  Left  Bank  of  Transect  ICC,  Mississippi 
River  Mile  848.0  Showing  Tree  Covered 
Lower  Slope  and  Exposed  Sandstone  and 
Limestone  Cliffs  (Colingsworth) 


Figure  29.  Profile  and  Plan  of  Transect  ICC, 

Mississippi  River  Mile  848.0  (Gudmundson) 
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Table  11  .  Plant  Occurrence  on  I  lie  2  H 11  Tr.’n.secl  ,  Pool  1, 
Mississippi  Fiver  Mile  S5U.5.  (Co J  i npswei  I  ii 
and  Gudmandsun  ,  19711 


WescJO;  M'.Ju).  Jcl1: 

Shore-  |  OJ.  !  (; 


Species 


U.lmus  thoiaasi,  rock  elm 

Sal ix  interior,  sandbar  willow 

Sail  x  aro/gdaloidos ,  pendi-leavcd  willow 

Populus  del.  to  i.dc.s ,  eastern  eol  tonwood 

Cyc.l  oloma  atr  i pile!  Fol.i  a,  winded  pigweed 

Verba;:cum  '{  ,  nul.lon 

Elymus  canadensis ,  Canadian  wild  rye 

Set aria  vlrldis ,  green  foxtail 

Taraxacum  off  i.cinal  e ,  common  dandelion 

Par thenoci ssus  in_serta,  woodbrine 

Gramineao,  Grass  family 

Lactuea  sp. ,  wild  lettuce 

Vitis  rl.parin,  riverlank  grape 

Sol  i  dag o  s p p .  ,  gold o.i mod 

Saiqbucns  sp.  ,  elder 

Noru_s  rubra,  red  mulberry 

Arctium  minus,  common  burdock 

Asclepi as  syriaca,  common  milkweed 

Eup_ata'.rl-ur.i  rugosuraa  v/hite  bonesot 

lllmis  rubra,  slippery  elm 

Gleclioma  hcderacea,  ground  ivy 

Tills  ame.rlcana,  American  basswood 

Fraxinus  pennsylvanica  var. 

s ub in t e gt: r r Ima ,  green  ash 

Leonti ris  cardincn,  common  motherwort 

Saltola  tennifolia,  Kussian  thistle 

Bare  soil  (sand) 

he  a  f ,  litter 
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Table  Plant  Occur rent  e  on  t  lie?  ICC  Transect,  Poo]  1, 

Mississippi.  River  Mile  853.1.  (Col  ingswortli 
and  Cndmundson ,  1973) 


Species 

Ri  gh  t 

(west)  Bank 

Left  (east) 

Asclepias  syriaca 

common  milkweed 

P 

Rhus  tyjdiina 

staghorn  sumac 

P 

Robinia  pseudo-acacia 

black  locust 

P 

Graraineae.  spp. 

Grass  family 

P 

Quercus  rubra  var. 
boreal  is 

northern  red  oak 

P 

Eupc.Loritnn  rugosum 

white  boneset 

P 

Amor ph a  fruitc.osa 

false  indigo 

P 

Acer  negimdo 

box  elder 

P 

Populus  halsamif ora 

balsam  poplar 

P 

Cypcraceae 

Sedge  family 

P 

Melilotis  alba 

white  sweet  clover 

P 

Arctium  minus 

common  burdock 

P 

Erigeron  anmius 

daisy  fleabane 

P 

Salix  interior 

sandbar  willow 

P 

Equine turn  arvense 

field  horsetail 

P 

Populus  deltoides 

eastern  cottonwood 

P 

Acer  saccharinum 

river  maple 

P 

P 

Vitis  riparia 

riverbank  grapes 

P 

P 

Parthcnocissus  inr.erta 

woodbrine 

P 

P 

Fraxinus  pennsylvanica 
var.  subintegerrima 

green  ash 

P 

P 

Tilia  americana 

American  basswood 

P 

Ulmus  spp. 

elms 

P 

Betula  papyrifera 

paper  birch 

P 

Acer  sp. 

maple 

P 

Carya  cordiformis 

bitternut  hickory 

P 

Ar  /-ip  rAjsy+rf  y/op  < 
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3)  the  marine-  floodplain  forest  of  (die  terraces,  dominated  by  silver 
maple  survivors  from  the  Popul .us-Aeer  forest,  American  elm,  and 
white  ash. 

During  the  earliest  pioneer  years,  cottonwoods  and  willows  grow  together  on  ' 
the  wet  lower  levels.  Farther  up  and  away  from  the  water,  the  willow  can 
grow  only  in  fine  soil  which  can  retain  much  water  or  in  moist  sand,  whereas 
the  cottonwoods,  with  their  larger  root  systems  can  reach  down  to  the  water 
underneath  the  higher  dry  coarse  gravel  areas. 

Cottonwood  seed  germination  is  drastically  affecLed  by  the  time  of  flood¬ 
ing.  For  instance,  a  large  crop  of  cottonwoods  in  1922  was  due  to  an  extreme¬ 
ly  high  flood  that  year,  which  receded  and  left  a  bare,  moist  soil  just  when 
the  seeds  were  viable.  The  young  seedlings  of  1923,  however,  were,  completely 
destroyed  by  a  rise  of  the  water  after  gei'mination.  Because  sandbar  willows 
reproduce  by  runners  as  well  as  by  seed,  they  are  not  subject  to  fluctuations 
in  numbers  to  this  extent. 

More  new  information  on  floodplain  succession  would  be  useful:  of  the 
season  of  seed  dispersal  of  the  major  floodplain  species,  the  rate  of  decline 
of  the  spring  floods,  and  time  of  deposition  of  spoil. 

The  species  which  will  colonize  dredge  spoil  during  the  season  it  is  de¬ 
posited  depends  largely  on  the  date  of  deposition.  If  this  occurs  before 
July  15  in  the  Twin  Cities  area,  and  a  thin  layer  of  silt  forms  the  upper¬ 
most  layer  about  6  to  8  Inches  above  the  water  table,  prompt  establishment 
of  tree  seedlings  can  be  expected,  especially  of  cottonwoods,  peach-leaved 
willow,  American  elm,  box  elder,  silver  maple,  and  the  very  important  shrub: 
sandbar  willow.  This  vegetation  would  provide  enough  cover  immediately  to 
improve  the  appearance  of  the  spoil  as  early  as  the  second  year,  and  would 
reduce  blowing  of  spoil  sand  into  the  backwaters  oi  back  into  the  channel. 

The  moisture  gradient  from  the  shore  to  the  top  of  the  spoil,  as  indi¬ 
cated  by  the  depth  of  dry  sand,  apparently  results  in  a  zonation  of  the  de¬ 
veloping  vegetation  (See  Table  11,  Figure  30).  Bare,  saturated  sand  recently 
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Table  1 J .  Vegetation  Zones  on  Sandy  Dredge  Spoil  (Cooper,  394V) 


Vegetation  -  Zones* 


Common  Name 

Scientific  Name 

1 

7  . 

3  , 

4  ". 

9 

6 

'7  . 

Trees 

Cottonwood 

Populus  dc.l  toides 

P 

P 

P 

Peach-  leaved  wi  How 

Sal  i  >:  amygda  1  oi  ties 

P 

Herbs 

Soft-stem  bulrush 

Scirpus  valid us 

P 

Stick-tights 

Bi.dens  sp. 

D 

p 

Barnyard  grass 

Kch  i  noclil  on  crus  gal.  1  i 

m 

Love -grass 

Nr  agrostir.  sp. 

m 

D 

D 

Cocklcluir 

Xantlrium  sp. 

1 

D 

P 

Bristly  foxtail 

Solaria  sp. 

Strong- smelling 

Volani  sia  graved  ens 

1 

P 

clammy weeds 

m 

Common  saltwort 

Sal  sol  a  kali 

SB 

P 

D 

Sma r tweed 

.  . 

Polygonum  sp. 

1 

P 

*  Abundance;  i)  ~  dominant 
1’  ~  present 


10.  Veget:  t.ion  Zn:n  s  .  a  i  :  .  -t;t  •'  re...  1 1 1  :■  '! '  ."•]  up:!  B'ver 

(in  i'ool  1)  to  the  Top  of  Sandy  Dredge  Spoil  (Cooper,  1947) 


Figure 


-56- 


1 


exposed  by  lowered  water  level  (Zone  1)  had  a  few  patches  of  soft -stem  bul¬ 
rush  (See  Table  11).  As  the  depth  of  dry  sand  increases  away  from  the  shore 
the  dominant  herb  was  sticktighls  (Zone  2),  love-grass  (Zone  3),  and  cockle- 
burs  (Zone  4).  In  Zone  5  the  depth  was  similar  to  that  of  Zone  3  and  corres¬ 
pondingly,  love-grass  was  dominant.  In  Zones  6  and  7  the.  dry  sand  was 
successively  deeper,  with  first  bristly  foxtail  dominant,  then  a  few  scattered 
pioneers  of  mainly  tlie  common  saltwort  at  the  highest  elevation.  Earle  frag¬ 
ments  present  in  Zones  2  and  3  reduced  moisture  loss,  encouraging  the  estab¬ 
lishment  of  herbs.  A  few  cottonwood  seedlings  occurred  in  Zones  2  and  4,  and 
1  to  2  year-old  seedlings  were  found  scattered  in  Zone  5,  with  the  dry  ridge 
top  in  Zone  4  and  dryer  Zones  6  and  7  lacking  tree  seedlings.  OLher  sites 
studied  by  Cooper  indicated  that  succession  from  the  very  moist  (hydric)  and 
very  dry  (xeric)  culminated  in  the  moderately  moist:  (mesic)  basswood  and 
sugar  maple  bottomland  forest  (See  Figure  31;  Sec  Tabic  2  in  Appendix  A  IV). 

The  effect  of  moisture  is  also  seen  on  the  1YY  transect  (See  Tabic 
12),  located  just  downstream  from  the  spoil  site  shown  in  Figure  13A.  Near 
the  shoreline  stands  a  band  of  cottonwood  saplings  and  a  few  river  maple  (See 
Figure  32).  Behind  the  trees  is  a  band  of  smartweed  and  cocklebur  which  gives 
way  to  love-grass  and  other  grasses.  Farther  away  from  the  shoreline  the  drier 
spoil  supports  only  winged  pigweed.  After  a  bare  area  there  are  some  scattered 
small  willows;  closer  to  the  bluff  sand-bar  willows  are  numerous, and  farther, 
cottonwood  and  elm.  Basswood  and  cottonwood  dominate  a  low  moist  area  just 
below  the  west  (right)  bluff,  perhaps  an  old  spoil  site.  The  herb  layer  be¬ 
neath  the  forest  canopy  includes  black  nighshade,  ground  ivy,  Solomon's  seal, 
dandelion,  burdock  and  nettles. 

A  comparison  of  photographs  of  spoil  sites  taken  in  1956  and  1973  indi¬ 
cates  that  vegetation  of  spoil  by  trees  near  the  water  is  indeed  obvious  af¬ 
ter  17  years,  however,  no  vegetal  ion  grows  on  the  higher ,  drier  sites  (Compare 
Figures  33  and  11;  and  Figures  34  and  12).  Revegetation  is  slowed  by  continued 
spoil  deposition. 


-57- 


FLOOIMM.AIN  STACKS  05 *  1*1  .ANT  SdCCFSKK'N  (crniral  ilium  si'-in) 


Sandbar  willow 
Salix  interior 
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Peach-  1  caved  wi.l  1  ov? - ^  ^ 

Sal  1  >:  nmypde 1  oj  den  ^  ./  /  /  >..  /  /.  .A. 


Cottonwood 
Pop  ulus  <1  c  1  L  u  i  dc 


Length  ol  line  represents 
relative:  length  of  period. 

Height  of  line  represent:; 
re]  a  live:  importance . 


Silver  (River)  maple 
Acer  sacchar iinn.n 

American  elm 
llliiiur.  amorienna 


Ash 

Fraxinus  sp. 


Iackbcrry 

Celti;;  occidental  is 

Box  elder 
Acer  negmuto 


Basswood 
Tilia  amcricana 


~rr  /  rr/ 


7 


Sugar  maple  Belov/  this  line  -  cannot  tolerate 
Acer  saccharum  persistent  flooding 


O  0  0  0  • 


./  /  '  •'  /  /  •'  / 


Northern  red  oak 
Quo  reus  boreal i n 


v-  ~*t •) w  *.r* 


Ironwood 

Os  t  ry  a  vi  rp.  ini :  in  a 
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Figure  31.  Stages  in  Floodplain  Succession  from  Willow-Cottonwood 
to  Basswood-Sugar  Maple-Northern  Red  Oak  Climax  Forest 
(Adapted  from  Cooper,  1947) 
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Figure  32.  Zones  of  Vegetation  on  the  1YY 
Transect,  Mississippi  River 
Mile  849  (Senechal) 


Wi  Idl  ifu.  VJ5  Jlife  is  diver  so  in  the  uppe  r  Mississippi.  River  basin, 
vary in;'  from  1  urge  mataaals  such  as  moose,  hear,  and  deer  t  o  srinl  3  f  urbosrc-  »-y 
such  as  mink  and  river  otter  (See  Table.  IT).  Also  numerous  geese, diving  and 
dabbling  ducks  and  other  birds  migrate  through  the  watershed  in  Spring  and 
Fall.  More  recent  data  (Wallace  ot  nl . ,  1909)  suggests  a  wide  diversity  of 
animals  in  the  Twin  Cities  area  (Se.e  Table.  1 A ) . 

Few  animals  occur  in  Pool  1  other  than  insects,  birds  and  man  due  to  the 
lack  of  habitat,  frequency  of  disturbance  and  roaming  domestic  cats.  However 
a  beaver  house  with  three  individuals  has  been  observed  on  the.  left  bank  at 
Mile  851.3,  in  a  low  area  between  two  spoil  piles  at  the  outlet  of  a  storm 
sewer. 

Birds  which  have  been  reported  in  the  Twin  Cities  area  and  their  migra¬ 
tion  schedule  is  given  in  Table  4  in  Appendix  A,  IV.  About  280  species  of 
birds  have  been  sighted,  of  which  97  are  common  summer  residents  and  nesL  in 
the  area.  Another  98  species  are  present  in  small  numbers,  often  as  spring 
and  fall  migrants.  Irregularly  seen  bird  species,  i.e.  si.Dglc  sightings, 
account  for  another  85  species.  Probably  considerable  numbers  of  these  birds 
frequent  the  varied  and  relatively  continuous  and  undisturbed  bluff  and  flood 
plain  habitats  in  Pool  1.  The  trees  along  the  bluff  faces  and  tops,  as  well 
as  on  older  spoil,  deposits  contain  numerous  spring  and  fall  migrants,  and  pro 
vide  nesting  sites  for  summer  residents  also. 

Only  one  bird,  a  mallard,  was  seen  in  Pool  1  between  April,  and  November, 
1973,  compared  with  130  birds  upstream  in  the  St.  Anthony  Falls  pools  and  243 
birds  downstream  in  Pool  2  (See  Table  15).  However,  numerous  other  birds  in¬ 
cluding  sparrows,  blue  jays,  gr.ackl os  and  robins  c.ould  he  board  in  the  trees 
which  cover  the  bluffs. 

The  most  significant  difference  between  Pool  1  a.ul  the  pooLs  up-  and 

downstream  which  may  account  for  Lhu  low  observed  bird  population,  is  the 
lack  of  protected  backwaters  such  as  at  Nicollet  and  Hennepin  Islands.  Fur¬ 
ther  study  may  reveal  a  larger  songbird  population  in  Pool  1  compared  with 


fable  1 3.  Game  Animals,  Game  Bird.;,  and  l’lirbt-arertj 

of  t  Ik-  Upper  Kiss  i  an  i  pp.i  Kivcr  Basin,  1960 
(l’WS,  .1  970) 


Moose  . Ah  is  dees  Ro;k  Do-.i- .  CtAur:!.:  /;,  ir 

VVtir.',i.:il  ilt-cr-  . O.loioiU-.'i  Woodenal.  . ii  :!-,hr!'  nmua 

Antelope- . Autibeepu  r.v.-K<i  Cow'vi  Snijic  . Ce/vlb  g>- !»•:.,  •# 

tstxfc  Rear  . ( 'is  ns  r.e:.  tieceis  Kin;:  I;.  :!  .  A\-7 !'.r,  .  /  . \ 

Srio.vshoe  lime  .  IfpstKmm  Virgin':.:  . /si:!.':;; 

VVhitri.iil  Jickr.-.!jl>it  .  Lt';.;a  e’v.ieee.ill  Sora  Rsi!  .  1’ie’jiu  t..ru!:n:! 

Swamp  R.-il-bU  . Sylvilr^n  1.  ■:i.nic:i s  Goose . ItiC’ita  c  1. i.v./-.  t."-r> 

I:.  Cottontail  Rabbit  . Syhiltyus  Jh’t i.ktnts  Sr. o  s  Coo-.; . Oicn  /iv;  o.'r'u: 

E.  I'oxSctuitiel  . Si  turns  ntyrr  Clue  Goose . fV.-r« 

L,  Grey  Squiircl  . . . Schotts  taioUncc.Sis  Milliard . Anas  pklytUs  i:t  e.-i 

R  t-vl  F  ox-  . . . .  I ' Itlycs  f.ti)  0  DI;;F  D-jo: . .  situs  I :u.ll’h  i 

(pay  Foi . Vroeyon  cinet eeaiyen'.ais  Gr.i.-.r.'l  . /F»;j  any.,.: 

Raccoon® .  I'toeyon  i.'lol  F'iflt..il . / I..K  c<  il..' 

Opossum3 . Diddyhis  /  .  Hi  Git  i  n  -.vine'  rt  To.  I  . allies  c. 

|/,,nk . Music!-.:  ris<>n  lilu'-wingid  Tr.il  . A  >iu5  r/iv  <>'  > 

Ri.-L-t  Otter . I, util!  tn, -m's  American  WUyon . M.  ieea  cn;.t:  t.i  a 

Lt-os!  Wt-.-sel . Mustek  Chr-.rl.  r  . S/nitidr  dyy:a:.i 

Shorltail  V/c-usel . Mustek  <'  :;ne.i  V.'oodlluJ:  . -1)V 

l.o:v;tail  WtiS'-l  . Mustek  fur  ala  fUJIi.-sd . Aythyr  cincrueiu 

Striped  Skunk  . Mephitis  niej'ltilis  Canv.islvck . Aythye  re!t<:tseiu 

spotted  Skunk . Spi!<  'gale  p:r.'<" il/s  Lc  1  Scaup . Ay;;<\  c  ajjeih 

Doeve-r  .  Castor  ear.a.h  usis  Ring  neck;  d  Puck  . Aythya  co'.-atis 

Muskrat  .  Ondatra  libethica  Rulflihcorl . Huecyhak  c.’r.ok 

Huffed  Grouse  . Honasa  nmbdlits  Ruddy  Duck . Os’ yum  jan:a:ce::sis 

Sharp  tailed  Grouse  .  Pcdioecctes yhtishncllus  Common  Meroanser . Memos  net? ansa 

Dobwhito  Ouail  .  Colimts  viryinkmis  Rcd-hreestcd  Merganser . Ucryns  senator 

Hungarian  Partridge  . Pcidix /cidix  Hooded  Merganser .  I.oylwdytis  etteiilktns 

Ring  ir  cktd  Pheasant  . I’hashitus  eukhietts  Coot . J  lilies  ctr.inear.a 

Wild  Turkey  . Meleap is  gaHoyre.o  Common  GoUinule . GaV.uiuk  dtiviopus 

Mo-.i:  ning  [love  .  Xensidttu  i  :ai  tuurj  _ _ 


Table  14.  A::!:. Os  Coe:  te  l  !...  P'W.ne  of  Vt  ;  '  T  <;  1  I  c 

{  rc.iii  l  he  give:  l  o  l  la-  I  - !  u '  it  op  (ai  I  *  r  Valla*  t  , 
Hell :.  rv, ,  To,’.!  ..:*•*  Koborls,  .1  "',[)) 


Habit. at  Typjy 
Deep  marshes 


Shall ow  marshes 


Wot  meadows 


Hud  flats,  sandy 
shores  and  bogs 

Wooded  and  shrub 
swamps 


River  bottom 
forests 


Upland  hardwoods 


Dry  oak  savanna 
and  dry  uplands 

brush  prairie 


J’rn  i  r  i  >•  grass!. .r.d 


Spec  i  e;y 

pr<  >g,s ;  \:at  ei'  snakes ,  turtles;  coot,  grebes,  rails, 
blackbirds,  r..ar:  li  birds,  him— v;i aged  teal,  mallard, 
herons,  black,  tern;  muskrat ,  mink. 

frogs,  loads,  snakes  and  other  amphibians  at:d  rc-pt  t.l  es : 
coot,  grebes,  blue-winged  teal,  mallard  (in  :.t  in;;) , 
inigrut.  Jug  ducks,  pheasant;  muskrat,  mink,  and  while-- 
tailed  deer. 

Leopard  frogs,  salamanders ,  snakes.,  other  arphibianr: 
and  reptiles;  herons,  pheasant ,  nest  inp  water: owl, 
marsh  song-birds;  red  to::,  whi  te -t  ai  1  or.  deer. 

Nesting  ducks,  other  marsh  and  shore  birds,  songbirds; 
small,  mammals,  deer. 

Spring  peeper ,  sv.-e.rip  tree  frogs;  woodcock,  Harsh  and 
song,  bird;-.,  herons,  wood  duck  (nesting);  small  rodents 
and  shrews ,  beaver,  uink,  racoon,  and  deer. 

Green  frog,  salamanders;  snakes,  turtles;  wood  ducks, 
forest,  songbirds,  upland  gamebirds;  cottontail  rabbit, 
raccoon,  gray  fox,  white-tailed  doer. 

Wood  frog,  salamanders;  snak.es,  including  pilot  black 
snake ,  red-bel  l  ied  snake  and  kronen  snake;  t  uf  fed  g.rc-.n.t 
flying,  squirrel,  raccoon,  gray  fox,  red  fox,  whi  te-tn’ c. 

deer. 

Snake:;;  ruffed  grouse,  pheasant;  spotted  and  .striped 
skunks,  red  f ox ,  woodchuck,  while-tailed  deer. 

I’r.cirjc  songbird..  including  he;::,  a  lark,  bobolink, 
vesper  spa n  <.-•' ,  lark  sparrow;  k.  i  1  Id,  er . 

whitetail  jaekrahhit,  13-linod  and  l-Tankliii  ground 
squirrels,  badger. 


^  ft  -  v  • 


Si) 


Great  blue  hi-ren 

Common  egret 

An:'. ■  v  i  can  b  i.  Lte  ,'u 

Hullal'd 

Coot 

Wood  duck 

Pheasant 

Woodpecker 

Yellow-shafted  fl:i  cker 

Grace ) o 

Sparrow 

White-throated  span: ov? 
Spotted  sandpiper 
hank  swallow 
Belted  kingfisher  • 

Black  tern 
Teal 

Black  duck 
Hooded  merganser 
Pied-billed  grebe 
Barn  swallow 
Osprey 

Red-- to i. .1  ed  h nv.'k 
Green  h-ron 
Crow 

R]  ack-cri  ■  •wnod  night  heron 
Common  lorn 
Canada  goose 


Total  Mo.  indi vid . /pool 
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Lhe  St.  Anthony  Fa].ls  poo]  s  because  of  the  much  reduced  tree  cover  a  lamp,  t  lie 
banks  in  these  upstream  pools. 

Herons  may  be  seen  flying  over  or  lousting  in  I  he  Look  and  Ham  1  area.  ’ 
These  are  probably  from  two  large  rookeries  at  the  downstream  Lip  of  Pig's 
Eye  Island,  opposite  the  SL.  Paul  stockyards.  The  largest  one  is  a  170- 
nest  black-crowned  night  heron  and  common  American  egret  rookery,  sandwiched 
between  a  large  barge  fleeting  basin  on  the  west  and  a  large  barge  terminal 
on  the  east.  These  waterfowl  are  quite  sensitive  to  man's  activities;  for 
instance,  they  have  been  reported  to  abandon  their  rookery  when  highway  con¬ 
struction  approached  within  a  mile  (kartell,  1  973). 

Water  Qu al i ty 


Water  use  in  Pool  1,  ns  in  adjacent  pools,  i.s  varieJ,  including  supply 
for  industry,  navigation  and  recreation  and  aesthetic  enjoyment  by  a  large 
metropolitan  area  (See  Figure  35). 

Generally  water  quality  is  good  in  Pool  1  compared  with  downstream  water 
quality,  except  for  bacterial  levels  (FWPCA,  196G).  During  and  just  after 
rainfall  some  or  all  of  numerous  storm  sewer  discharges  increase  bacteria  to 
levels  which  create  a  health  hazard.  However,  water  quality  throughout  Pool 
1  permits  a  wider  usage  than  in  Pool  2,  although  in  1966  water  quality  ex¬ 
ceeded  the  maximum  level  of  pollutants  for  such  uses  as  potable  water  and 
swimming  and  other  water  contact  sports.  In  .1973,  however,  swimming  was 
popular  at  several  sites  in  Pool  1.  One  of  the  most  popular  sites  was  ad¬ 
jacent  to  the  abandoned  lock  upstream  from  the  Lake  Street  Bridge. 

Daily  records  of  some  water  quality  parameters  are  available  for  raid- 
1967  to  raid-1969  and  serve,  to  illustrate  the  seasonal  variation  of  these  pnru- 
:  >  >  in  the  I  i  s  .■■  i  r.r,  i  pp:i  KJ.wr  in  the  Twin  Cities  area.  Soma  variation  fro:. 

:  is. ■  data  nay  occur  between  Anoka  and  Pool  1  due  to  industrial  storm  sewer 

•  :  :  •  This  nay  be  especially  true  of  the  temperature  downstream  from 

1  !'  I  aril  . 


fiivtf;  Mil. ri; 


UM  070.0 


UM  850.0 


UV.  000.0 
MN - 


UM  040.0 


UM  07,0.0 


UM  820.0 


.LOCK  f>.  r-'.'L 
I  KllV.atli  V. 


UM  810.0 


UM  coo.ol 


.10CK  fl  DAM. 
NUMbt-K  3 


UM  790.0 


UM  780,0 1 


UM  770.0h 


UM  7 CO. O1 


{.r/NTnONY 
fill  L 

10C-,  0  [>.\V 

LOCK  ft  (‘AM 
KDMbLH  1 


-  MSSD 


I.L'iil  [;i 

Minricr.olc  River 
St.  Croir  River 


CM  ctn'tipcv.o  River 

MSSD  Minncopolis  •  Si,  Potil  Sonilory 
District 


Figure  3r>.  Present  Water  Uses  of  the  Mississippi  River  in 
the  Twin  Cities  Metropolitan  Area  (Fi'l’CA ,  1966) 


-69- 


D  iily  f  1  oxi  which  is  recorded  at  Anoka  (and  at.  St  .  Paul)  by  the  U.  S. 
Geological  Survey,  ranged  between  2000  cfs  and  25,000  c.f s  (Figure  2  .in  Ap¬ 
pendix  A,  IV).  At  St; .  Anthony  Falls  Lite  lowest  flow  was  462  cfs,  in  1932  and 
the  maximum  was  91,000  cfs,  in  1965. 

Water  temperature ,  dissolved  oy.yp.en  (DO),  pit  and  specific  conductivity 
are  automatically  monitored  by  IIP  A  at  the  itiverside  Power  Plant.  The  data 
from  micl-1  967  to  mid-1969  .illustrates  the  seasonal  variation  in  these  para¬ 
meters.  Water  temperature  ranged  from  a  winter  low  of  about  32  °F  to  a  sum¬ 
mer  high  of  85°F  (Figure  3  in  Appendix  A,  IV).  Dissolved  oxygen  ranged  from 
a  low  of  about  5  mg /I  (milligrams  per  lifer)  in  summer  to  a  high  of  about 
17  mg/1  in  winter.  Generally  the  DO  lias  two  periods  of  low  concentration: 
during  low  flows  in  summer  and  under  the  ice.  in  winter  (Figure  4  in  Appendix 
A,  IV).  Dy  comparison  the  DO  record  aL  Grey  Cloud  Island  for  the  same  period 
shows  that  the  DO  concentration  may  reach  zero  mg/1  (Figure  5  in  Appendix 
A,  IV).  Day  to  day  variation  also  is  greater  within  the  Twin  Cities. 

Specific  conductivity  and  pH  occasionally  show  narked  fluctuations,  but 
no  marked  seasonal  pattern,  pit  ranged  from  6.5  to  8.5  (Figure  6  in  Appendix 
A,  IV).  Specific  conductance  ranged  from  200  to  450  micromhos  (Figure  7  in 
Appendix  A,  IV). 

Additional  water  quality  data  is  recorded  at  the  Minneapolis  Water  Works 
in  Fridley.  The  1973  data  (through  August)  is  included  at  Table  3  in  Append! 
A,  TV. 

Downstream  from  Pool  1  the  water  quality  decreases  considerably  duo  to 
the  turbidity  and  bacteria  brought  by  l ho  Minnesota  Diver,  and  l.u  treated 
sewage  and  .industi  ial  effluents;  the  sewage  comes  f  rorn  16  plants,  the  largest 
of  which  is  the  Metropolitan  Was lowa  l or  Treatment  Plant. 

At  the  base  of  Lock  and  Dam  1  the  turbulance  increases  the  dissolved  oxy 
gen  content  of  the  river,  apparently  causing  fish  and  waterfowl  to  congregate 
Sport  fishing  is  popular  below  the  dam.  And,  as  many  as  six  black-crowned 
night  herons  have  been  attracted  to  the  area. 
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The  main  water  quality  problem  below  Pool  1  coir«s  from  the  discharge  of 
the  Metropolitan  Wastewater  Treatment  Plant,  the  South  St.  Paul  Sewage  Plant: 
as  well  as  16  other  sources  enter  Pool  2  from  the  MVJTF  site  downstream  to 
Lock  and  Dam  2.  These  decrease  the  dissolved  oxygen  (DO),  benthic  organisms, 
and  percent  of  game  fish  in  the  total  fish  population.  At  the  same  t  Line ,  un¬ 
desirable  characteristics  increase,  such  as  coliform  bacteria  and  pathogens 
(Sec  Figure  26)  1973  data  is  in  Tables  5  and  6  in  Appendix  A  IV. 

Aquatic  Vegetation 


The  Twin  Cities  area  riverine  aquatic  vegetation  may  be  grouped  into 
habitat  types,  such  as  deep  and  shallow  marshes  (greater  and  less  than  throe 
feet  deep  respectively)  and  wood  and  shrub  swamps  (Dee  Table  16).  However, 
such  habitats  are  not  found  in  Pool  1  due  lo  the  deep  gorge  and  to  extensive 
development  in  the  upper  reach  of  the  former  floodplain.  No  aquatic  vegeta¬ 
tion  is  known  to  occur  in  the  main  channel.  Apparently,  no  studies  were 
made  of  the  aquatic  vegetation  in  Pool  1  prior  to  the  construction  of  the 
Ford  Dam  in  1917. 


Table  16. 


Habitat _ 
Deep  Marshes 


Aquatic  Vegetation  in  the  Mississippi  Rivtr  in  the 
Vicinity  of  the  Ivin  Cities  (Wallace,  et  qj . ,  1969). 

Spec  i  cs 

Cat  I  all,  btjl  rush  ,  reed  grus<- ,  rornd-st  r<v  t  d  bulrush  ,  and 
wild  i  ice.  In  open  areas:  pond  weed,  count  ail,  water  rail 
foil,  watet  weeds ,  duchv.ee  J  ,  white  vat  or  lily,  spatlerdock 
ami  ot  h< 1 1  aqua  1  i cs . 


Shall  o1..’  Marshes 


Wood  and  Dhrul) 
Swamps 


Cra-sos,  bulrush'!;,  sp  i  !;eru--ts ,  cat  I  i  1  ,  anovhoed  .  n  t  ok  c»v 
WC'ed  ,  ,a  I d  ,  reed  .".r.tss  ,  vui  t  e'  op  ,  lire  cut -grass  ,  s»  d 
and  giant  bur  raid,  and  wet  willow  growths. 

Undergrowth:  ness,  duckweed,  s’.iurLvecd,  and  others. 
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Figure  36.  Water  Us css  AffccteJ  by  Water  Quality  in  the  Mississippi 
River  in  the  Twin  Cities  Metropolitan  Area  (FWl’CA,  1966) 


Aquatic  Animals .  More  than  .120  species  of  fish  are  found  in  the  upper 
Mississippi  River  Basin  (See  Table  17).  Sixteen  of  Lhc-se  species  are  recorded 
from  Coon  Rapids  and  48  have,  been  recorded  in  Pool  2.  Of  these  species  the 
smallnouth  bass,  northern  redhorse,  shcepshead  and  carp  have  been  reported  in 
Pool  1,  although  the  information  is  incomplete  (See  Tables  18  and  19).  No 
commercial  fishing  has  been  done  in  Pool  1.  Sport  fishing  is  light  (Cunning¬ 
ham,  1973),  although  a  recent  article  reported  good  smallmouth  bass  fishing 
(Hennessey,  1973). 

Besides  painted  turtles,  no  other  aquatic  animals  have  been  sighted, 
although  the  few  shallow  areas  probably  may  have  amphibians. 

Bollem  sediments  grade  in  Poo]  1  from  rock  and  coarse  sand,  near  St. 
Anthony  Falls  Lower  Lock  and  linn,  downstream  to  fine  sand  and  anaerobic  silt 
(See  rigti'.es  37,  38  and  39).  Farther  downstream  the  organic,  con  Lent  of  Lite 
button  :,cJ  i  went  continues  to  increase  (See  Figure  40). 

Benthic  macro  inv.  neb  rat  es*  show  a  down  at  leant  trend  of  increasing  numbers 
ot  individuals  but  deer-  using  variety  (kinds  or  species)  per  square  foot  (See 
Table  20).  Jin’  increase  downstream  in  Pool  1  in  numbers  of  Chirnnoi.ildae  and 
C I  i  got  l-.iet.  e  agrees  with  the  increase  in  organic  content  and  the  decrease  in 
sediment  p article  si/e,  which  also  agrees  with  the:  observed  decrease  down¬ 
stream  in  the  inner  current. 

There  have  l».  -i)  i  wo  preview  studies  oj  til-'  bent  h  i  *  macro  invert  ebrat  t  s 
in  ibe  .’a:  -lirsippi.  It  i  v-.  r  in  tin  Twill  Citiis  area.  Pawley  (1*14  7)  r»  parted  on 
clam  co|  led  iore-  male  by  he  r.-.eJ  f  -and  previous  scient  ist.s  since  lots.  Her 
:  I  I :  •  ‘  V  show  .  1  i'll  the  i-'irb-.  r  o  i  -  J . :  a  specie:  -!-  i  Is.  .  V  •eel!  .'mole  (gilt  "hi, 

K  i.. ill's  ups.L  red  a  1  for.  Train  i  el  UAA)  and  ..'in  in,  ei  (Mile  817.6,  betv.vtn  Tian- 
•  ;<■<•  l  2YV  and  260)  (See  Table  21).  Ibe  comparatively  lower  density  of  elan 
spec  it  in  1973  is  prol-  ;aly  due  to  th  1 .  •  - .  ■ . .  i  i.'ii.plLng  el  fort  t!  a;  in  w 'ley’s 

work,  and  to  the  significant  decrease  in  water  quality  and  current  (due  to 
Lock  and  Dam  1)  in  the  Mississippi  River  since  1864. 

*Bottom-dwelling  organisms  lacking  backbones  and  visible  to  the  naked  eye. 


Table  ^9.  Common  Species  of  Rough  Fish  in  the  Large  Rivers  of 
the  Twin  Cities  Metropolitan  Area  (FWPCA,  1966) . 
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Note:  This  is  net  necessarily  a  complete  list. 
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AD-A110  m  WORTH  STAR  RESEARCH  INST  MINNEAPOLIS  NN  ENVIRONMENTAL  ““’ETC  F/t  13/2 
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UNCLASSIFIED 


In  a  1964  study  by  lloknnson  (1968)  benthic  animal  cominuni  ties  v.'erc 
collected  at  Coon  Rapids  (Mile  866  above  St.  Anthony  Falls)  and  on  the  pre¬ 
sent  2YY  transect  (Mile  S21.3,  Pool  2).  A  comparison  of  the  1964  data  with 
that  of  1973  shows  a  decrease  in  diversity  and  abundance  upstream  from  the. 
Twin  Cities  and  in  the  sandy  bottom  (mid --channel)  downstream  from  the  IV in 
Cities  (See  Table  22).  In  the  muddy  bottom  downstream  from  the  Twin  Cities 
(Spring  Lake  bottom)  diversity  remained  the  same  but  abundance  doubled. 

Threatened  Species 

Several  lists  of  threatened  (or  rare  and  endangered)  plants  and  animals 
have  been  compiled.  No  threatened  species  were  found  in  Pool  1  during  the 
present  study  and  none  have  been  reported  previously.  A  more  detailed  sur¬ 
vey  is  warranted,  especially  for  prairie  species  in  the  prairie  remnant  in 
the  Mississippi  Park  (between  West  River  Boulevard  and  the  brim  of  the  bluff) 
at  36th  Avenue. 

These  lists  of  threatened  species  include  species  protected  legally  and/ 
or  other  non-protected  species  whose  populations  are  known  to  be  or  arc  sus¬ 
pected  of  being  dangerously  low,  either  locally  or  nationally.  Species  rare 
locally  but  not  in  adjacent  states,  i.e.  species  at  the  limit  of  their  geo¬ 
graphic  range,  are  included  in  some  lists.  This  inclusion  serves  to  encourage 
maintenance  of  a  broad  genetic  (breeding)  pool  to  help  insure  survival  of  the 
whole  species  population.  The  inclusion  of  these  species  also  serves  to  en¬ 
courage  the  maintenance  of  a  broad  diversity  of  plants  and  animals  for  Minne¬ 
sotans  to  enjoy. 

The  variety  of  lists  of  threatened  species  is  due  to  two  difficulties 
which  are  encountered  in  compiling  such  a  list.  The  first  difficulty  is  the 
definition  of  a  threatened  species,  i.e.  at  what  population  size  and  survival 
rate  (birth  rale  versus  death  rate)  does  a  species  population  become  in  dan¬ 
ger  of  extinction.  Secondly,  there  is  a  lack  of  specific  information  on  the 
current  population  size  and  breeding  success  of  many  species. 
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PJanl.s.  A  list  of  rare  and  endangered  plants  in  Minnesota  was  compiled 
by  the  Minnesota  Department  of  Natural  Resources  (MN  DNR,  1971).  This  list 
contains  a  total  of  ten  plant  species,  including  five  plants  found  in  moist 
prairies,  three  plants  found  in  open  hardwoods,  and  two  plants  found  in  the 
northern  conifer  forests  (See  Table  23) . 

Morley  (1972)  compiled  an  extensive  list  of  threatened  plant  species  in 
several  categories.  His  list  of  planLs  legally  protected  in  Minnesota  in¬ 
cludes  all  species  of  the  orchid  family;  all  species  of  lily,  trillium  and 
gentian;  and  trailing  arbutus  (See  Table  24). 

A  second  category  in  Morley' s  list  included  those  plants  rare  in  Minne¬ 
sota  and  all  of  North  America:  a  total  of  four  plan's.  One  of  these  species, 
the  Minnesota  trout-lily  or  adder's  tongue,  is  found  nowhere  else  but  in  Min¬ 
nesota. 

Morley  included  a  third  category  containing  252  plants  which  are  rare  in 
Minnesota  but  are  more  or  less  abundant  in  adjacent  regions.  A  total  of  36 
of  these  species  are  found  in  one  or  more  of  the  following  metropolitan  coun¬ 
ties:  Hennepin,  Ramsey,  Washington,  Dakota  and  Scott  (Table  25). 

Morley' s  fourth  category  includes  those  plants  typical  of  our  native 
grasslands.  This  list  includes  122  plant  species.  The  native  grassland 
habitation  is  the  "most  poorly  represented  [in  the  University  Herbarium]  and 
in  greatest  danger  of  eradication  in  the  state."  A  more  detailed  study  is 
urgently  needed  to  determine  if  the  drier  portions  of  the  spoil  banks  do  har¬ 
bor  these  threatened  plants,  or,  if  not,  then  to  determine  the  pot.enti.al  of 
the  spoil  sites  to  provide,  a  refuge  for  native  grassland  plants. 

Barthelemy  (1971)  includes  three  plant  species  in  his  list:  two  cacti 
and  a  legume  (See  Table  26'. 

Animals.  Barthelemy' s  (1971)  list  includes  thirty-six  rare  and  endan¬ 
gered  animals,  including  three  reptiles  and  amphibians,  one  mammal  and  29 
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Table  23. 


Moist  meadows 


Graz 

Fairly  open  hardwoods 


Fairly  open  coniferous 
forests 


Rare  and  Endangered  Plants  of  Minnesota 
(MNDN'R,  1971) 


Moist  Prairie  Habitat 

Wild  orange-red  lily,  wood  lily,  Lilian)  philndclj)hJ_c.um 

Shooting  star,  J7odec.nthepn  mead  in 

Small  white  lady's-slipper,  Cyprlpcdinm  e_andi_d_ura 
(orchid) 

Prairie  phlox,  Phlox  pilosa 

Blue-eyed  grass,  Sisyrinchimn  nngustl folium 

ing  in  Hard woods  in  the  S on th east 

Bluebell,  Virginia  cowslip  or  Lungwort,  Her tens ia 
virglnica 

*Minnesota  trout-lily,  Erythronlum  propull nns 
*Adam-and-Eve  root,  Aplectrum  hyemale  (orchid) 

No  rt hern  Fores t 

Yew,  Tax us  canadensis 

Ram'  s-head  lady's-slipper,  Cypripcdinm  a  riel:  ilium 
(orchid) 


*has  always  been  fairly  rare 
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Table  2 A.  Rare  and  Endangered  Plants  of  Minnesota  with 
the.  Counties  in  Which  They  Have  Been  Found 
(Nature  Conservancy  -  Morley,  1972) 


Plants  rare  in  Minnesota  and  in  all  of  North  America 


Cruciferae;  Mustard  Family 

Draba  norvev’icn.  Whitlow-grass:  Cook. 

Leguminosao;  Pea  Family 

Leaped  a?,  a  1  eptostaehva,  Prairie  Bush-clover:  Cottonwood, 
Crow  Wing,  Goodhue. 

Liliacene;  Lily  Family 

Ery  thronium  pro  pul  Ians  .  Dwarf  or  Minnesota  Trout-lily  or 
Adder's  Tongue:  Goodhue,  Rice.  Found  nowhere  else 
in  the  world. 

Orchidaceae;  Orchid  Family 

.  Malaais  paludosa.  Bog  Adder's  Mouth:  Clearwater,  Ottertnil. 


Plants  legally  protected  in  Minnesota  (the  protection  is  weak,, 
and  needs  strengthening) . 

Ericaceae;  Heath  Family 

Eplp.aea  repens ,  Tra i  1  ing  A rbu tu s  . 

Gcntianaceae ;  Gentian  Family 

Gent i ana.  Gentian,  all  species. 

Lili  aceae;  Lily  Family 

.Lil.i.um,  Lily,  all  species 
Trillium,  tril 1 i urn ,  al 1  species . 

Nymphneaccac;  Water  Lily  Family 
Nelumho  lit  tea,  Lotus  Lily, 

Orchidaceae;  Orchid  Family 

All  Species. 


Table  25.  Plants  Rare  in  Minnesota  but  More  or  Less 

Abundant  in  Adjacent  Regions  (Morley,  1972). 


PLANTS _ 

Angiosperms;  Flowering  Plants 

Alismataceae ;  Water  Plantain  family 
Sagittaria  gr amine a,  grass¬ 
leaved  arrowhead 

Araceae ;  Arum  family 

Arisaema  dracontium,  Green  dragon, 
dragon  root 

Araliaceae;  Ginseng  family 
Panax  quinquefollus ,  ginseng 


Campanulaceae;  Bluebell  family 
Specularia  leptocarpa,  western 
Venus'  looking-glass 
Caryophyllaceae ;  Cactus  family 
Stellaria  alsine,  chickweed 
Cistaceae;  Rock-rose  family 

Kelianthemum  canadense,  fros tweed 

Compositae;  Sunflower  family 
Coreopsis  tinctoria,  golden 
coreopsis 

Convolvulaceae;  Morning-glory  family 
Cuscuta  polygonorum,  smartweed 
dodder 

Cruciferae;  Mustard  family 
Arabis  laevigata,  smooth  rock 
cress 

Cyperaceae;  Sedge  family 
Carex  formosa 
Carex  plantaginea 
Scleria  triglomerata ,  tall  nut- 
rush 

Sclcria  verticillata ,  low  nut- 
rush 

Droseraceae;  Sundew  family 

Drosera  linearis,  slender-leaved 
sundew 

Gr  a;,',  i  n  e  au ;  Grass  f  amil  y 

Echinochloa  walteri,  cockspur 

grass 

Juncaceae;  Rush  family 

Juncus  articulatus,  jointed  rush 


FOUND  IN  (COUNTY) 


Ramsey,  Washington,  St.  Louis 

Dakota,  Winona,  Houston 

Once  widespread  from  Houston  to 
Jackson  to  Mille  Lacs  to  Wash¬ 
ington  Counties,  now  nearly  ex¬ 
terminated  by  herb-hunters 

Ramsey 

Ramsey,  Winona 

Fillmore,  Houston,  Winona,  Wash¬ 
ington 

Blue  Earth,  Hennepin,  Ramsey 

Freeborn,  Hennepin 

Clearwater,  Todd,  Hennepin, 
Houston 

Ramsey 

Hennepin,  Winona 
Anoka,  Hennepin,  Ramsey 

Blue  Earth,  Dakota,  Hennepin, 
Scott 

Hennepin 

Wabasha,  Washington 


Ramsey 
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Table  25  (Continued). 
_ FOUND  IN  (COUNTY) 


PLANTS 

Angiosperms;  Flowering  Plants 

Legurainosae;  Pea  family 

Astragalus  ceramicus ,  rattle-pod 
Lythraceae;  Loosestrife  family 
Decodon  verticillatus,  swamp 
loosestrife 

Najadaceae;  Naiad  family 

Naj as  olivacea,  bright-green 
naiad 

Onagraceae ;  Evening  primrose  family 
Gaura  biennis,  biennial  gaura 
Potamogetonaceae;  Pondweed  family 
Potamogeton  diversifolius, 
Rafinesque's  pondweed 
Rosaceae;  Rose  family 

Rubus  folioflorus ,  blackberry 
Rubus  latifoliolus ,  blackberry 
Rubus  rosendahlii,  Rosendahl's 
blackberry 

Rubus  semisetosus ,  blackberry 
Rubiaceae;  Madder  family 

Galium  verum,  yellow  bedstraw 
Scrophulariaceae;  Figwort  family 
Aureolaria  pedicularia,  false 
foxglove 

Besseya  bullii,  besseya 

Gerard ia  auriculata,  auricled 
gerardia 

Gerardia  gattingeri,  Gattinger's 
gerardia 

Gerardia  purpurea,  large  purple 
gerardia 

Solanaceae;  Potato  family 
•Solanum  trif lorum,  cut-leaved 
nightshade 

Umbelliferae ;  Parsley  family 

Hydrocotyle  amoricana,  American 
marsh  pennywort 
Verbcnaceae;  Vervain  family 

Verbena  simplex,  narrow- leaved 
vervain 

Xyridaceae;  Yellow-eyed  grass  family 
Xyris  torta,  slender  yellow-eyed 
grass 


Ramsey 

Anoka,  Chisago,  Hennepin 

Anoka,  Ramsey 

Hennepin  Houston 
Anoka ,  Ramsey 

Ramsey,  Washington,  St.  Louis 

Isanti,  Ramsey 

Ramsey 

Anoka ,  Ramsey 

Hennepin,  Lac  Qui  Parle,  St.  Louis 

Hennepin,  Washington,  Houston 

Dakota,  Goodhue,  Hennepin,  Ramsey, 

Scott,  Washington 

Blue  Earth,  Dakota,  Nicollet 

Nicollet,  Wabasha,  Winona,  Wash¬ 
ington 
Hennepin 

Clay,  Hennepin 

Chisago,  Washington,  Houston 

Fillmore,  Rock,  Scott 

Anoka,  Hennepin 


:* 
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Table  2b.  Rare  ami  Endangered  Plants,  Amphibians,  Reptiles 
Birds  and  Mammals  in  Minnesota  (Bar thelcmy ,  1971) 


Plants 

Lotus  conciHcar.' birdsfoot- trefoil 
Mcwhni  lari  a  vivipara ,  cactus 
Opuntia  humifuca,  prickly  pear  cactus 


Amphibians 

Cricket  irog 
Red-backed  salamander 
Common  newt 

Reptiles 

Blue- tailed  skink 
Wood  turtle 
Blanding's  turtle 

Birds 

Sprague's  pipit 
Baird's  sparrow 
Yellow  rail 
White  pelican 

Egrets:  1.  Common  (American) 

2.  Cattle 

3.  Snowy 


Birds  (Continued) 

Trumpeter  swan 
Bald  eagle 
Osprey 

Peregrine  falcon 
Marsh  hawk 
Sandhill  crane 
Piping  plover 
Wilson's  phalarope 
Avocet 

Western  willet 

Caspian  tern 

Great  gray  owl 

Hawk  owl 

Boreal  chi ckadee 

Chestnut -collared  longspur 

Lark  sparrow 

Sharp-tailed  sparrow 

Le  Conte's  sparrow 

Grasshopper  sparrow 

Henslow's  sparrow 

Yellow-breasted  chat 

Prothonotary  warbler 

Mammals 

Star-nosed  mole 


birds.  Of  those  I  he  sandhill  crane, 
cur  in  the  Twin  Cities  area. 
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osprey  and  American  (common)  egret  oc- 

The  list  of  rare  and  endangered  species  coir, pi  led  by  the  U.  S.  Fish  and 
Wildlife  Service  (1970)  includes  two  mammals ,  four  birds  and  one  fish  (Table 
27).  Although  Pool  1  is  within  the  geographic  range  or  migration  of  these 
species,  none  are  likely  to  occur  in  Pool  1  due  to  lack  of  habitat. 

Pre-project  Environment 

A  few  old  photographs  and  several  studies  suggest  the  nature  of  the. 
habitat  in  Pool  1  prior  to  the  nine-foot  channel  project. 

A  view  downstream  taken  in  the  1890‘s  from  the  Upper  St.  Anthony  Falls 
Dam  shows  a  narrow,  rapid  Mississippi.  River  Jittered  with  logs  of:  the  limber¬ 
ing  industry  (Figure  41).  The  exposed  floodplain  on  the  right  bank  is  par¬ 
ticularly  littered  with  lumber,  shacks  and  construction.  In  the  foreground 
is  the  Stone  Arch  Bridge  and  farther  downstream  the  (now  absent)  10th  Avenue 
Bridge.  Buildings  beyond  on  the  right  bank  indicate  approximately  the  head 
of  the  present  Pool  1.  Note  the  bare  bluff  under  these  buildings  and  a  bare 
area  downstream  on  the  left  bank,  near  the  present  site  of  the  University's 
power  plant. 

A  map  of  the  Pool  1  area  in  1895  (MFC,  1895)  indicates  that  the  Missis¬ 
sippi  in  this  reach  had  14  islands  (See  Figure  42).  The  fast  current  and 
shallow  depth  may  have  impeded  navigation.  Several  quarries  were  located 
on  the  west  (left)  bank  between  the  Lake  Street  Bridge  and  Franklin  Avenue 
Brj  dge. 

An  example  of  the  environmental  changes  wrought  by  impounding  the  Mis¬ 
sissippi  River  is  provided  by  a  series  of  photographs  at  St.  Anthony  Falls. 
Much  of  the  river  bottom  below  St.  Anthony  Falls  Lower  Dam  lies  exposed  in 
the  1926  photograph  (Figure  43).  The  bluffs  on  the  right  bank  near  the  steam 
clouds  are  bare  of  cover.  Residential  and  industrial  development  on  the 


Table  27.  Rare  and  Lndangered  Anmals  of  the  Upper 
Mississippi  River  basin  (l-T's,  1970) 


Animal 


Present  Di trrib 


Indiana  Bat 
My otis  no eha  ]  j_s 

Status  endangered  with  estimated 
population  500,000. 

Timber  Wolf 

Can  is  lupus  .1  yea  on 
Status  endangered  with  estimated 
population  300-500. 

Southern  Bald  Eagle 

Hali aee t  u  s  1 e  u coceuhalus 
Status  endangered  with  about  230 
active  nests  in  1963, 

American  Peregrine  Falcon 
Falco  p  e  r  cggr_i  nus  ana  tun 
Status  rare  with  estimated  population 
5,000-10,000. 

N.  Greater  Prairie  Chicken 
Tympanucinis  cupido  p~i  nnatus 
Status  rare  within  Basin. 


Greater  Sandhill  Crane 
Grus  canad e  i  i  sis  fab  id a 
Status  rare,  with  an  estimated  popula¬ 
tion  of  2,000  cast  of  Rocky  Moun¬ 
tains  . 

Lake  Sturgeon 

Acipenser  fnl  vescens 
Status  rare  with  estimated  size  of 
population  unknown. 


Midwest  and  eastern  United  State;  from  Liu- 
western  edge  of  Ozark  Region  in  Oklahoma 
to  central  Vermont  to  southern  Wisconsin, 
and  as  far  south  as  northern  Florida. 

Lake  Superior  Region  of  Michigan,  Wiscon¬ 
sin,  and  Minnesota. 


Nests  primarily  in  Atlantic  and  Gulf  coast 
but  ranges  northward  in  summer  to 
northern  United  States  and  Canada. 

Breeds  from  northern  Alaska  to  southern 
Greenland  south  to  Baja  California;  winte 
in  northern  United  States. 


Resident  locally  in  prairie  habitat  from 
central  southern  Canada  south  to  northeast 
ern  Colorado,  northwestern  Kansas  and 
northeastern  Oklahoma  east  to  northern 
Michigan,  Indiana,  Wisconsin,  Illinois  and 
Missouri . 

Breeds  locally  from  southern  British  Col  urn 
bia,  cast;  t.o  southern  Manitoba  including 
Minnesota,  Wisconsin  and  Michigan. 


Distributed  throughout  Great  Lakes  Drain¬ 
age  wi  Lit  records  from  Mississippi  and  St. 
Croix  Rivers. 
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Figure  42.  Preproject  Environment  (about  1895)  of 

Pool  1,  from  the  Franklir  Avenue  Bridge 
to  Minnehaha  Creek  (MRC,  1985) 


floodplain  is  aeon  sucli  as  the  University  power  plant  (Figure  44).  The  ce¬ 
ment  abutment  on  the  left  bluff  is  the  Cedar  Avenue  Fridge  then  under  con¬ 
struction. 

By  contrast  the  bluffs  presently  (1973)  seem  hotter  vegetated  and  the 
river  is  of  sufficient  depth  to  cover  the  entire  bottom  of  the  valley  (Fig¬ 
ure  413).  Development  is  extensive  along  the  floodplain  and  bluff  top, and 
bare  coil  is  seen  at:  the  Shiely  sand  and  gravel  yard  on  the  right  bank  im¬ 
mediately  downstream  from  the  St.  Anthony  Falls  Upper  Lock. 

An  example  of  the  vegetation  and  animals  in  the  Twin  Cities  area  prior 
to  the  project  is  available  in  the  study  by  Leisman  (1959).  He  mapped  the 
vegetation  of  eastern  Spring  Lake  from  the  General  Land  Office  Survey  Maps 
(Sec  Figure  46).  He  also  summarized  the  notes  by  late  Dic.trich  Lange  of  the 
vegetation  and  animals  in  Spring  Lake  in  the  1920' s  and  early  1930' s. 

The  early  settlement  (1855)  vegetation  in  Spring  Lake  consisted  of  on 
elm-maple  forest  on  the  bottomlands  surrounding  the  marsh  now  covered  by 
Spring  Lake.  Oaks  fringed  the  bluff  tops,  while  open  prairie  with  aspen 
groves  lay  beyond.  Studies  by  Lange  indicate  that  the  dominant  plant  of  the 
marsh  at  Spring  Lake  was  the  bulrush,  Scirpus  sp. ,  with  many  cottonwoods  and 
willows  along  the  margins  (See  Table  3  in  Appendix  A,  IV). 

There  are  also  apparently  no  records  of  the  early  animal  popu.1  ations  in 
the  Pool  1  area.  Lange's  studies  of  Spring  Lake  show  game  fish  abounded  in 
the;  lake,  muskrats  built  their  houses  throughout  the  marsh,  and  countless 
ducks  used  the  marsh  and  lake  as  a  stopping  point  on  their  annual  spring  and 
fall  nip, r a t.  x on s . 

Studies  made  by  George  (1924)  suggest:  a  succession.;:!  stage  from  willow 
to  cottonwood  on  a  fio.>dplnLn  down. si.  ream  of  the  ford  Plant:  (See  Table  28) . 

This  was  accompanied  by  an  overall  increase  in  individuals  which  occurred  as 
the  flood  level  increased  elevation.  A  decrease  in  flood  level  elevation 
during  the  next  year  may  have  caused  the  reduction  in  individuals  observed; 
however  cottonwood  remained  the:  dominant  tree. 
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An  extensive  study  of  the  Mississippi  River  from  the  Camden  Bridge  in 
Minnenpol  is  to  Winona  was  undertaken  in  1928  (Wickc,  1928;  Woodward ,  1930; 
an  d  I’c  in  1 1  ar  d ,  1931). 

The  condition  of  the  Mississippi  in  the  Twin  Cities  was  described  by 
Rcinhard  (1931)  as  follows: 

"The  Mississippi  River  enters  the  Twin  City  area  at  Camden,  802 
feet  above  sea  level.  Station  No.  1  is  located  in  north  Minneapolis 
at  the  Camden  Avenue  Bridge.  The  stream  here  has  a  velocity  at  or¬ 
dinary  stages  of  about  one  mile  per  hour  and  the  bottom  is  for  the 
most  part  firm  and  sandy.  The  average  slope  above  Camden  to  kittle 
Falls  is  2.6  feet  per  mile  although  the  slope  of  the  entire  Missis¬ 
sippi  above  the  Minnesota  River  is  only  1.4  feet  per  mile.  At  this 
station  the  river  has  fairly  well  recovered  from  the  wastes  discharged 
by  municipalities  in  the.  upper  stretches  and  has  not  yet  received  any 
sewage  from  the  Twin  City  area. 

Shortly  after  entering  Minneapolis  the  river  passes  over  the  St. 
Anthony  Falls  where  it  drops  70  feel  and  in  so  doing  leaves  the 
prairie  and  clay  banks  for  a  channel  that  lies  for  many  miles  be¬ 
tween  rocky  bluffs  of  limestone  and  sandstone.  Two  miles  above  the 
confluence  of  the  Minnesota,  the  river  again  falls  a  distance  of  33 
feet  at  the  IV in  City  Lock  and  Dam,  which  was  constructed  in  1914. 

Station  No.  4  is  located  directly  above  this  dam  in  the  pool  of 
relatively  quiet  water  which  extends  about  five  miles  upstream.  The 
Minneapolis  sewage  and  part  of  the  St.  Paul  wastes  are  discharged 
into  the  river  above  this  point.  As  a  consequence  the  bottom  of  the 
pool  is  covered  with  a  thick  sludge  deposit  and  foul  conditions  pre¬ 
vail  during  the  summer  especially  at  times  of  low  water  discharge. 

At  Fort  Snclling,  a  few  miles  below  the  Lock  and  Dan,  the  Missis¬ 
sippi  is  joined  by  the  Minnesota,  a  river  which  does  little  to  al¬ 
leviate  polluted  conditions  in  the  main  stream.  Fifteen  miles 
further  on,  at  Inver  drove.  Station  N’c>.  8  is  located.  The  river 
has  no',:  received  the  combined  sewage  and  indurl  rial  wastes  from 
Minneapolis,  St.  Paul, South  St.  Paul,  and  Newport.  Bottom  sludges 
and  their  eigen  isms  indicate  a  u.mn I  stale  oi  heavy  pollution.  The 
next  sampling  point  on  the  liver  is  Station  No.  9,  above  Hastings 
and  above  the  confluence  of  Lite  St.  Croix  River.  The  water  here  is 
deeper  and  the  current  move  rapid.  Bottom  sludges  are  slil.l  heavy 
but  no  additional  sewage  has  In  n  addi  d  be!  wen  Inver  drove  and  this 
station. 

In  the  interval  between  Hastings  and  Red  Wing  the  Mississippi 
receives  the  waters  of  the  St.  Croix  from  the  east  and  those  of  the 
Cannon  from  the  west.  The  former  is  a  clean  stream  with  a  discharge 
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sufficient  to  improve  appreri  nbl  y  t  lie  .sani  t;i  ry  quality  of  t  he  Jli.s- 
sissippi;  the  latter  tributary  j  :s  itself  affected  by  cons  i  durable 
pollution  but  its  (I  i  ruli.-i  iy.o  Ls  too  slight  to  have  any  marked  etfect 
on  the  main  stream.  Below  these  tributaries:  and  above  the  town  of 
the  Red  King,  Seat,  ion  Mo.  13  is  located. 

From  the  mouth  of  the  Minnesota  River  to  the  State  line  the  Missis¬ 
sippi  is  a  broad,  placid  stream  averaging  1,000  feet  across  the  main 
channel.  About  live  miles  below  Red  King  the  river  fills  out  its 
gorge  and  forms  a  lake  approximately  22  miles  in  length  and  about 
2  ndli-s  in  average  width.  This  section  of  the  river  is  known  as 
Lake  Pepin." 

All  but  one  of  Minneapolis’  and  14  of  St.  Paul's  .sanitary  sewers  emp¬ 
tied  into  Pool  1  in  1928  (Koodunrd,  1930).  These  sewers  fouled  the  water 
throughout  the  pool,  causing  obnoxious  smells  especially  during  periods  of 
low  flow  and  high  temperature.  In  general  the  Mississippi  River  water  in 
the  Twin  Cities  was  heavily  polluted,  unfit  for  consumption  and  posed  a 
health  hazard  to  the  public  and  livestock.  Fish  had  been  nearly  eliminated 
from  this  reach. 

Large  quantities  of  suspended  solids  from  these  sewers  were  deposited 
in  Pool  1.  The  oxygen  resources  decreased  from  about  4.5  mg/1  in  June  and 
July  of  1928  at  the  Washington  Avenue  Bridge  to  about  0.5  mg/1,  at  Lock  and 
Dam  1  (Sec  Figure  47).  Pollution  tolerant  planktonic  and  benthic  organisms 
comprised  60%  and  100%  respectively  of  their  total  populations.  Total  bac¬ 
teria  amounted  to  about  200,000  per  ml  throughout  the  year. 

The  pollution  from  the  Twin  Cities  in  1928  decreased  the.  concentration 
of  dissolved  oxygen  and  increased  the  concentration  of  bacteria  and  the  bio¬ 
chemical  oxygen  demand  (5-day  demand)  downstream  to  Lake  Pepin  (Table  29). 

Although  fish  wore  eliminated  from  the  river  from  Minneapolis  to  Hast¬ 
ings,  pollution  did  not  seem  to  have  a  significant  effect  upon  the  phyto¬ 
plankton  (free-floating,  microscopic  plants)  (Sec  Tabic  30). 


rafale  29.  Summary  of  Physical,  Chemical,  Bio-Chemical  and  Bacteriological 
Analyses  for  all  Plankton  Stations  on  the  Mississippi  River, 
1928  (Reinhard,  1931) 


Table  30.  Predominant  (pd) ,  Dominant  (d)  and  Subdominant  (sd) 
Plankton  Species  at  the  Various  Stations  (Reinhard, 

Organisms  Mississippi  River  Stations 

1931) 

1 

4 

8 

9 

13 

15 

17 

19 

Cyclotella  meneghiniana 

pd 

pd 

pd 

pd 

pd 

pd 

pd 

pd 

Asterionella  f.  gracillima 

d 

d 

d 

d 

d 

d 

d 

d 

Lysigonium  granulata 

sd 

d 

d 

d 

d 

d 

d 

d 

Synedra  delicatissima 

sd 

d 

d 

d 

d 

d 

d 

d 

Synedra  ulna 

d 

d 

d 

d 

d 

sd 

sd 

sd 

Scenedesmus  quadricaudus 

sd 

sd 

sd 

sd 

sd 

sd 

d 

d 

Aphanizomenon  flos-aquae 

sd 

sd 

d 

sd 

sd 

Diatoma  vulgare 

d 

sd 

sd 

Cocconeis  placentula 

d 

sd 

Gy ro sigma  spence ri 

sd 

Stephanodiscus  niagarae 

sd 

sd 

sd 

sd 

sd 

sd 

sd 

sd 

Actinastrum  han.  fluviatile 

sd 

sd 

sd 

sd 

sd 

Lysigonium  varians 

sd 

sd 

sd 

sd 

Scenedesmus  dimorphus 

sd 

sd 

sd 

sd 

Pandorina  mo rum 
Fragilaria  c  rot:  ones  Is 
Fragilaria  capucina 


Note:  1)  Reinhard's  method  of  determining  relative  abundance  was  to  tabu¬ 
late  the  ten  most  abundant  species  from  each  station.  The  species 
with  the  highest  abundance  was  called  predominant  (pd) ;  the  second 
to  fifth  most  abundant  species  were  called  dominant  (d) ;  and  those 
raking  six  through  ten  were  called  subdominant  (sd). 

2)  See  Table  29  for  location  of  the  sampling  stations. 

Land  Use 


Urban  development  dominates  the  bluff  top  and  floodplain  of  Pool  1; 
virtually  no  land  is  vacant  (See  Figure  48).  The  bluffs  and  limited  flood¬ 
plain  in  the  upper  1.5  miles  of  the  pool  are  occupied  by  industry  and  insti¬ 
tutions,  principally  the  Minneapolis  barge  terminal  and  three  other  barge 
docks,  the  University  of  Minnesota  and  several  hospitals  (Figures  49  and  50  ) . 


Downstream  from  the  Washington  Avenue  Bridge  to  Lock  and  Dam  1,  the  re¬ 
maining  floodplain  and  the  bluff  slopes  and  brims  in  Pool  1  are  parks  bor¬ 
dered  by  residences  (See  Figure  51).  Below  the  bluffs,  most  of  the  park 


I 


‘  WASHINGTON 


This  steep-walled,  undeveloped  reach  of  the  gorge  provides  the  largest 
open  space  (5  miles),  and  the  greatest  relief  from  the  highly  urbanized  Twin 
Cities  area.  Indeed,  the  view  from  within  the  gorge  creates  the  illusion 
that  one  is  part  of  a  larger  primitive  setting;  the  crowded  urban  area  can 
nearly  be  forgotten.  Numerous  trails  have  been  made  by  the  frequent  hikers 
and  picnickers.  Where  these  trails  rise  to  the  bluff  top,  significant  ero¬ 
sion  of  the  steep  slope  can  occur. 
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Figure  49.  Industrial  and 

Commercial  Sites 
Bordering  Pool 
1  (Minneapolis 
Plan,  and  Devel. , 
1972) 
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Figure  51.  Parks  and  Open  Space  in  Pool  1 

(Minneapolis  Plan,  and  Devel. ,  1972) 
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Development  of  this  relatively  primitive  area  of  the  gorge  in  Pool  1 
probably  would  best  be  restricted  the  minimum  necessary  to  provide  public 
access  while  reducing  their  impact.  For  instance  the  trails  should  be  re¬ 
located  and  surfaced  to  reduce  erosion,  yet  the  informal  character  of  these 
paths  should  be  maintained.  With  slight  modification  these  paths,  or  por¬ 
tions  thereof,  could  be  self-guiding  nature  trails  and  snowshoe.  and  cross¬ 
country  ski  trails. 

Motor  vehicles  and  buildings  for  public  convenience  probably  should  be 
restricted  to  the  bluff  top,  except  possibly  at  the  two  large  spoil  sites. 
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Thesc  sites,  when  properly  contained  could  provide,  several  dune-beach  recre¬ 
ation  areas  capable  of  handling  relatively  large  numbers  of  people.  At  the 
same  time  erosion  could  be  minimized  by  promoting  revegetation  in  strips  per¬ 
pendicular  to  the  shoreline  between  spoil  sites  (See  Figure  52).  This  pat¬ 
tern  of  vegetation  occurs  at  the  spoil  site  downstream  from  the  Franklin 
Avenue  Bridge,  which,  if  more  closely  spaced,  would  increase  aesthetics  and 
decrease  erosion  (See  Figure  11  in  Section  2). 

The  recent  annual  increase  in  tons  of  goods  shipped  by  river  (See  Socio¬ 
economic  Section)  attest  to  the  continued  economic  growth  in  the  upper  Mis¬ 
sissippi  River  basin.  This  growth  is  particularly  evident  in  the  metropolitan 
areas  as  shown  by  housing  developments,  urban  renewal,  development  of  indus¬ 
trial  parks,  and  highway  construction. 

About  100  square  miles  of  the  3000  square  mile  Twin  Cities  metropolitan 
area,  or  an  area  about  10  times  downtown  Minneapolis,  is  anticipated  to  go 
into  urban  development.  Part  of  this  area  will  be  devoted  to  highway  con¬ 
struction.  Freeway  construction  planned  or  under  construction  are  194,  135W 
and  1335. 

In  light  of  this  growth,  the  Metropolitan  Council  has  adopt  d  a  Par'-., 
and  Open  Spaces  Program  to  guide  municipalities  in  preserving  .'('developed 
areas  for  aesthetic,  recreational,  historical  and  productive  uses.  Examples 
of  such  sites  include  floodplains,  wetlands,  shorelines,  steep  slopes,  aquifer 
recharge  areas  and  wooded  sites. 

Evidence  of  this  need  was  indicated  in  1967  when  a  survey  showed  only 
about  1/10  of  the  310  miles  of  shoreline  along  the  major  rivers  in  the  metro¬ 
politan  area  to  be  in  public  ownership.  Also  only  42  of  the  704  metropolitan 
lakes  were  fronted  with  parks  of  15  or  more  acres,  and  only  40  lakes  had  pub¬ 
lic  or  commercial  beaches.  The  Council’s  program  advocates  completing  aqui- 
sition  of  12  sites,  consideration  of  22  others,  and  the  purchase  and 
development  of  107  waterside  parks. 


Figure  52,  Recommended  Method  of  Spoil  Disposal,  How  Strips  of  Spoil  Lying 
Between  the  Spoil  and  Perpendicular  to  the  Current  Will  Revege¬ 
tate  Rapidly,  Providing  a  Screen  to  Wind  and  Water  Erosion 
(Colingsworth  and  Gudmundson) 

Other  types  of  areas  suggested  include  a  trail  network,  protection  open 
space  (such  as  flood  and  drainage  ways) ,  open  space  for  industrial  and  agri¬ 
cultural  production,  and  scenic  open  space. 

Development  along  Pool  1,  which  is  in  the  heart  of  the  Twin  Cities,  is 
residential  or  institutional  along  much  of  the  lower  reach  bluff tops,  except 
for  a  narrow  strip  of  parkland  along  the  very  edge.  The  bluffs  and  river 
banks  in  the  upper  reach,  upstream  from  the  University  of  Minnesota,  is 
crowded  with  commercial  and  industrial  sites.  These  plus  urban  renewal  and 
dredging  have  created  numerous  bare.-soil  sites  (See  Table  31). 

A  massive  urban  renewal  project  is  underway  on  the  right  bank  near  the 
head  of  Pool  1.  The  Cedar-Riverside  Project  will  result  in  a  population  of 
about  30,000  people  in  high-rise  apartments.  This  project  includes  the  trans 
formation  of  the  old  Minneapolis  terminal  into  a  river-side  park. 
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Table  31.  Bare  Soil  Areas  in  Pool  1 


River  Mile 

Bank 

Location 

853.2 

L 

Site  just  downstream  of  hydroelectric 
plant  at  Lower  St.  Anthony  Falls  Dam. 

853.1 

L  &R 

Barge  terminals  and  fill  (R/B). 

852.6-7 

R 

Barge  terminals. 

852.0 

L 

Spoil. 

851.0 

L 

Spoil. 

850.5 

R 

Spoil. 

849-50 

R 

Spoil. 

848.1 

L 

Old  Spoil. 

SOCIOECONOMIC  SETTING 

The  socioeconomic  aspects  of  the  environmental  setting  are  discussed 
(1)  by  identifying  the  three-way  subdivision  of  socioeconomic  activities 
used  in  this  report  and  (2)  by  presenting  an  overview  of  these  activities 
in  Pool  1  as  they  also  relate  to  the  Northern  Section  of  the  Upper  Missis¬ 
sippi  River. 


Three  Subdivisions  of  Socioeconomic  Activities 


It  is  useful  to  divide  a  discussion  of  the  socioeconomic  setting  of 
the  study  area  of  the  Upper  Mississippi  River  into  (1)  industrial  activity, 

(2)  recreational  activity,  and  (3)  cultural  considerations. 

I  rid  i  js  t  rial  Ac  t  i  v_i  ty_ 

Industrial  activity  includes  agricultural,  manufacturing,  transportation, 
and  related  pursuits  that  affect  employment  and  income  in  the  study  area  di¬ 
rectly;  this  includes  employment  on  farms,  in  barge  operations,  commercial 


-110- 


dock  facilities,  lock  and  dam  operations,  and  commercial  fishing.  While  it 
is  probably  most  desirable  to  measure  industrial  activity  in  terms  of  jobs 
or  dollars  generated,  lack  of  available  data  makes  this  impossible  in  the 
present  study.  As  a  result  indices  of  this  industrial  activity  —  such  as 
tons  of  commodities  moved,  industrial  facilities  constructed,  or  pounds  of 
fish  caught  —  are  generally  used. 

Recreational  Activity 

Recreational  activity  has  two  effects  of  interest.  One  is  the  psycho¬ 
logical  value  to  the  users  themselves  of  being  near  or  on  the  Mississippi 
River  for  leisure  activities.  A  second  effect  is  the  impact  of  the  recrea¬ 
tional  activity  on  employment  and  income.  Recreational  activity  is  more  in¬ 
direct  in  its  effect  on  employment  and  income  than  is  industrial  activity 
and  relates  mainly  to  leisure-time  activities  of  people  using  the  Mississippi 
River  for  recreational  purposes;  examples  include  boating,  sport  fishing, 
hunting,  sightseeing,  camping,  and  picnicking.  Recreational  activities  fre¬ 
quently  use  units  of  measurement  like  number  of  boaters  or  fishermen  using 
a  lake  or  river,  fishing  licenses  sold,  or  visitor-days.  It  is  often  very 
difficult  to  find  such  measures  for  a  particular  pool  on  the  Mississippi 
River.  Where  such  data  are  available  —  such  as  pleasure  boat  lockages  — 
they  are  used.  Where  they  are  not  available  —  such  as  fishermen  using  a 
specific  pool  —  proxy  measurements  are  used;  for  example,  number  of  sport 
fishermen  observed  annually  by  lock  and  dam  attendants  are  taken  as  a  mea¬ 
sure  of  fishing  activity  in  the  pools  —  even  though  this  is  not  as  precise 
a  measure  as  desired.  Problems  involved  with  placing  dollar  values  on  these 
recreational  activities  are  discussed  in  Section  6. 

Cultural  Considerations 


Cultural  considerations  arc  the  third  component  of  the  socioeconomic 

setting.  These  considerations  include  three  kinds  of  sites  of  value  to 
society:  archaeological  sites,  historic  sites,  and  contemporary  sites. 
These  sites  can  include  such  diverse  physical  assets  as  burial  mounds. 
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historical  battlegrounds  or  buildings,  or  existing  settlements  of  ethnic 
groups  such  as  Amish  communities.  because  of  the  difficulty  of  placing  any 
kind  of  value  on  such  sites, they  are  simply  inventoried  in  the  present  study. 

Overview  of  Socioeconomic  Activities  in  Pool  1 


The  industrial,  recreational,  and  cultural  aspects  of  Pool  1  are  dis¬ 
cussed  below  in  relation  to  the  entire  Northern  Section  of  the  Upper  Missis¬ 
sippi  River  to  provide  a  background  with  which  to  analyze  the  impact  of 
operating  and  maintaining  the  nine-foot  channel  in  Section  3  of  this  report. 

Industrial  Activity 

The  existence  of  the  Mississippi  River  and  its  tributaries  has  had  a 
profound  effect  on  the  industrial  development  of  the  American  Middle  West. 

It  has  served  as  a  route  of  easy  access  for  transportation  and  communication 
tying  together  the  industrialized  East  with  the  agricultural  Middle  West  as 
well  as  the  varied  economies  of  the  North  and  South. 

Historical  Development  of  the  Waterway.  The  development  of  the  Northern 
Section  of  the  Upper  Mississippi  as  a  waterway  for  shipment  has  paralleled 
the  rise  of  the  American  economy,  keeping  pace  with  the  need  to  move  bulk 
raw  materials  and  heavy,  high-volume  commodities  over  the  wide  geographical 
areas  served  by  the  river  network.  This  has  allowed  barge  transportation  to 
remain  competitive  with  other  forms  of  transportation.  It  is  noteworthy 
that  competing  systems  of  land  transportation  such  as  railroads  and  highway 
trucking  utilize  the  relatively  gentle  river  valley  terrain  in  order  to  sim¬ 
plify  both  engineering  design  and  fuel  energy  demands.  Thus,  the  Mississippi 
River  Valley  is  intensively  utilized  to  meet  the  transportation  needs  of  the 
Midwest. 

Long  before  the  coming  of  the  first  white  settlers,  the  Mississippi 
River  was  a  transportation  corridor  for  the  Indians.  It  facilitated  the 
primitive  barter  economy  and  served  as  a  route  for  other  forms  of  social  and 
cultural  communication  and  contact. 
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In  its  primitive  condition,  the  Upper  Mississippi  was  characterized  by 
numerous  rapids  and  rock  obstructions.  Fluctuations  in  water  flow  during 
various  seasons  of  the  year  were  minor  inconveniences  to  the  Indian  canoe, 
but  demanded  modification  before  commerical  use  of  the  river  approaching 
modern  tonnages  could  take  place.  Prior  to  improvements,  such  traffic  was 
limited  to  log  rafts  and  shallow-draft  boats  which  could  navigate  the  shallow, 
changing  river  between  the  Falls  of  St.  Anthony  and  the  mouth  of  the  Ohio 
River. 

The  necessity  of  modifying  the  natural  course  of  the  river  to  make  it 
suitable  for  commercial  navigation  gradually  became  apparent  as  the  size  of 
the  river  boats  and  barges  grew.  Since  the  first  river  steamboat  arrived  at 
Fort  Snelling  in  1823,  steamboat  transportation  for  freight  and  passenger 
use  grew  to  a  peak  in  the  decade  1850  to  1860  when  over  1000  steamboats  were 
active  on  the  entire  length  of  the  river.  By  1880  the  growth  of  the  rail¬ 
road  system  in  the  U.  S.  and  the  relative  slowness  and  hazards  of  navigation 
marked  a  decline  in  the  use  of  the  river  for  transportation.  However,  on 
the  upper  reaches  of  the  Mississippi,  growth  in  freight  traffic  continued. 

A  peak  was  reached  in  1903  with  4.5  million  tons  moved  between  St.  Paul  and 
the  mouth  of  the  Missouri  River.  A  subsequent  rapid  decline  coincided  with 
a  drop  in  river  use  for  moving  logs  and  lumber.  In  1916  only  0.5  million 
tons  were  shipped  on  this  section  of  the  river. 

As  the  population  and  industry  of  the  Upper  Midwest  region  grew,  there 
was  a  corresponding  growth  in  the  need  for  cheap  coal  for  power  generation. 

A  technological  consequence  of  this  need  was  the  development  of  the  barge 
and  towboat  which  gradually  replaced  the  steamboat  on  the  river.  The  barge 
and  towboat  required  a  deeper  channel  than  the  earlier  steamboats.  The 
need  for  coal  in  the  Upper  Midwest  was  complemented  by  the  need  to  ship 
large  quantities  of  grain  south  to  other  centers  of  population.  Thus,  econo¬ 
mies  were  realized  by  having  at  least  partially  compensating  cargoes  going 
both  directions  on  the  upper  reaches  of  the  river.  In  the  later  1920’s 
large  grain  shipments  from  Minneapolis  began. 


Although  four-foot  and  six-foot  channels  had  been  authorized  in  recog¬ 
nition  of  the  increasing  role  of  the  river  in  the  transportation  network  of 
the  U.  S.  and  technological  developments  in  barges  and  tugs  led  to  the  autho 
rization  of  a  nine-foot  channel  to  Minneapolis  in  1930.  By  1940  the  channel 
and  the  requisite  locks  and  dams  were  essentially  complete. 

When  figures  for  tonnages  shipped  at  various  times  on  the  Mississippi 
River  are  examined,  it  is  difficult  to  make  comparisons  that  relate  to 
Corps'  activities.  For  example,  the  following  factors  complicate  the  prob¬ 
lem  of  data  analysis  during  the  period  prior  to  1940: 

1.  Statistical  data  collected  by  the  Corps  of  Engineers  covered 
different  segments  of  the  Upper  Mississippi  River  during  these 
years.  Some  of  the  reasons  for  this  appear  to  be  changes  in  the 
administration  of  river  segments  during  that  time,  as  well  as 
some  experimentation  with  better  methods  of  statistical  collection. 

2.  Shipping  in  the  Upper  Mississippi  was  distorted  during  the  decade 
of  the  1930's  due  to  the  construction  of  locks  and  dams  in  the  St. 
Paul  District. 

3.  From  1941  to  1945  all  forms  of  transportation  were  utilized  for 
the  war  effort  without  regard  to  maximizing  economic  return. 
Therefore,  data  for  these  years  (as  with  the  1930's)  does  not 
necessarily  reflect  a  normal  period  of  transportation  on  the 
Upper  Mississippi. 

Barge  Shipments.  Table  32  shows  tonnage  information  available  for 
selected  years  from  1920  through  1945  for  the  river  segment  identified  in 
the  third  column  of  the  table. 

In  more  recent  years,  data  are  available  for  the  St.  Paul  District. 
Table  33  shows  the  movement  of  tonnages  through  the  St.  Paul  District  for 

the  years  from  1962  through  1971. 
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Table  32.  River  Shipment  from  1920  through  1945 
(OC'E,  selected  years) 

Total  Tonnage  (short  tons) 


Year 

Shipments 

and  Receipts* 

River  Segment 

1920 

630,951 

Mpls.  to 

Mouth  of 

Missouri  River 

1925 

908,005 

Mpls.  to 

Mouth  of 

Missouri  River 

1926 

691,637 

Mpls.  to 

Mouth  of 

Missouri  River 

1927 

715,110 

Mpls.  to 

Mouth  of 

Missouri  River 

1928 

21,632 

Mpls.  to 

Mouth  of 

Wisconsin  River 

1929 

1,390,262 

Mpls.  to 

Mouth  of 

Ohio  River 

1930 

1,395,855 

Mpls.  to 

Mouth  of 

Ohio  River 

1935 

188,613 

St.  Paul 

District 

1940 

1,097,971 

St.  Paul 

District 

1945 

1,263,993 

St.  Paul 

District 

*Tonnages  exclude  ferry  freight  (cars  and  other)  and  certain  cargoes-transit. 


Table  33.  River  Shipment  from  1962  through  1971 
(S.P.D.-NCS,  selected  years) 


Year 

Total  Traffic 

St.  Paul  District* 

1962 

8,168,594 

1963 

9,266,361 

1964 

9,621,336 

1965 

9,205,538 

1966 

11,346,457 

1967 

11,618,849 

1968 

10,736,350 

1969 

12,647,428 

1970 

15,423,713 

1971 

15,070,082 

1972** 

16,361,174 

**Estimated 
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Wlien  this  table  is  compared  with  the  previous  one,  the  growth  of  ship¬ 
ping  on  the  Upper  Mississippi  becomes  readily  apparent.  Thus,  the  total 
traffic  for  the  St.  Paul  District  in  1962  was  about  six  times  the  traffic  in 
1945,  which  was  a  war  year.  In  fact,  traffic  in  the  St.  Paul  District  for 
1962  was  more  than  five  times  greater  than  all  of  the  traffic  on  the  Upper 
Mississippi  between  Minneapolis  and  the  mouth  of  the  Ohio  River  in  1930. 
Traffic  about  doubled  in  the  St.  Paul  District  between  1962  and  1971.  This 
was  due  to  a  large  degree  to  grain  shipments  from  the  District  and  to  an 
increase  in  receipts  of  coal. 

In  1928  data  were  collected  on  receipts  and  shipments  for  the  river 
segment  from  Minneapolis  to  the  mouth  of  the  Wisconsin  River.  This  approxi¬ 
mates  the  navigable  segment  of  the  Upper  Mississippi  within  the  St.  Paul 
District,  and  the  data  for  this  segment  can  be  equated  with  data  for  the 
St.  Paul  District  with  little  difficulty.  In  that  year,  21,600  tons  were 
shipped  and  received.  By  1940,  tonnages  handled  reached  1,000,000  tons  an¬ 
nually,  when  the  lock  and  dam  system  and  the  nine-foot  channel  vere  virtually 
complete.  Tonnages  reached  2,000,000  by  1946,  and  3,000,000  by  1953.  By 
1962  over  8,000,000  tons  were  shipped  and  received  in  the  St.  Paul  District. 
In  the  decade  between  1962  and  1972  this  had  doubled  to  16,000,000  tons. 

Table  34  shows  the  number  of  trips  made  on  the  Mississippi  between 
Minneapolis  and  the  mouth  of  the  Missouri  River  in  1971. 

The  commercial  lockages  through  the  locks  in  the  study  area  are  shown 
in  Figure  53  and  provide  another  indication  of  the  recent  increase  in  barge 
traffic.  From  I960  to  1972  the  number  of  lockages  in  the  portion  of  the 
River  between  Lock  and  Dam  2  and  Lock  and  Dam  10  increased  by  about  600. 

The  most  dramatic  increases  occurred,  however,  in  the  St.  Anthony  Falls  and 
Pool  1  area;  Figure  53  shows  that  commercial  lockages  through  the  three 
locks  in  this  area  increased  by  more  than  1,000  lockages  each  during  the 
period,  which  includes  the  opening  of  the  Upper  St.  Anthony  Falls  Lock 
and  Dam. 
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Table.  34.  River  Trips  in  1971  (OCE,  1971) 


Transportation  Mode 

Upbound 

Downbound 

Self-Propelled 

Passenger  and  dry  cargo 

1,900 

1,875 

Tanker 

3 

2 

Towboat  or  Tugboat 

8,433 

8,419 

Non-Self-Propelled 

Dry  cargo 

25,250 

25,237 

Tanker 

7,312 

7,311 

TOTAL 

42,898 

42,844 

The  shipping  season  for  most  of  the  Mississippi  River  within  the  St. 

Paul  District  is  usually  eight  months,  from  mid-April  to  mid-December.  The 
navigable  rivers  maintained  and  operated  by  the  St.  Paul  District  should  be 
viewed  within  the  context  of  the  system  as  a  whole  including  the  Mississippi, 
Ohio,  Missouri  and  other  tributary  rivers.  In  1964  a  detailed  analysis  of 
origin-destination  waterborne  commerce  traffic  patterns  showed  that  the 
average  miles  per  ton  on  the  Upper  Mississippi  River  Waterway  System  ranged 
from  700  to  800  miles.  This  indicates  that  the  great  hulk  of  shipments 
and  receipts  have  origins  or  destinations  outside  the  St.  Paul  District. 

Each  pool  then  in  addition  to  its  own  shipments  and  receipts  contributes  to 
the  economic  benefits  enjoyed  by  the  system  as  a  whole.  Thus,  any  measure 
of  the  economic  benefits  of  the  river  commerce  on  an  individual  pool  must 
include  the  benefits  that  it  contributes  as  a  necessary  link  in  the  Upper 
Mississippi  system. 

Commercial  Dock  Facilities.  For  access  to  the  barge  traffic  on  the 
Upper  Mississippi  River  many  companies  maintain  docks.  Some  of  these  have 
elaborate  facilities  for  loading  or  unloading  specialized  cargoes  with  which 
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Figure  53.  Commercial  Lockages  in  Upper  Mississippi 

River  in  1960  and  1972  (S.P.D.-NCS,  1960  and  1972) 

they  deal  —  coal,  oil,  grain,  and  gravel  and  crushed  rock.  The  facilities 
vary  appreciably  with  individual  pools.  Pool  1  had  8  such  docks,  but  present¬ 
ly  there  are  4,  three  of  which  are  located  at  the  Minneapolis  terminal  under 
the  Washington  Avenue  Bridge  (See  Table  35).  This  terminal  is  being  relocated 
in  St.  Anthony  Falls  Upper  Pool.  Next  year  the  Minneapolis  terminal  will  be 
converted  to  a  park.  The  only  commercial  dock  will  be  the  University  of  Min¬ 
nesota  coal  dock  at  Mile  853.1. 

Table  35.  Commercial  Docks  in  Pool  1 


Mile 

Company 

853.1 

University  of  Minnesota  coal  dock 

852.5 

McMillan  Grain  Co.  dock 

852.4 

Municipal  coal  dock 

852.0 

Kack  Refining  Co.  dock 

Commercial  Fishing 


Although  commercial  fishing  is  an  important  economic  activity  in  some 
pools  in  the  St.  Paul  District  of  the  Upper  Mississippi  River  it  does  not 
occur  in  Pool  1  nor  has  it  in  recent  history.  The  narrowness  of  the  river 
and  thus  the  lack  of  shallow  waters  in  this  pool  and  the  formerly  signifi¬ 
cant  level  of  pollution  make  commercial  fishing  unlikely;  lack  of  habitat 
continues  to  limit  commercial  fishing.  Figure  54  illustrates  the  wide 
variation  in  commercial  catches  in  Lhe  St.  Paul  District. 


Pools 


Figure  54.  Thousands  of  Pounds  of  Fish  Caught  Annually  by 
Commercial  Fishermen  in  Upper  Mississippi  River 
Fools  in  1960  and  1969  (UMRCC,  selected  years) 
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In  addition  to  the  industrial  activity  described  above,  the  Northern 
Section  of  the  Upper  Mississippi  River  lias  provided  innunorab] c  recreational 
opportunities  for  the  entire  region  it:  serves.  liven  prior  to  Congressional 
authorization  of  the  4  1/2  foot  channel  in  1878  --  the  first  compre uensive 
project  on  the  Upper  Mississippi,  from  the  mouth  of  the  Ohio  River  to  St. 

Paul  —  settlers  used  the  river  extensively.  The  Upper  Mississippi  provided 
settlers  the  opportunity  to  boat,  fish,  hunt,  and  sightsee.  However ,  the 
need  for  these  settlers  to  carve  out  an  existence  in  the  Minnesota  wilderness 
of  the  early  nineteenth  century  meant  that  recreational  uses  of  the  upper 
River  were  few.  Thus,  boating  then  was  not  primarily  for  recreational  pur¬ 
poses;  it  was  essential  for  the  settlers’  continuing  existence  to  move  peo¬ 
ple  and  supplies  to  where  they  were  needed.  Similarly  hunting  and  fishing 
were  not  for  sport;  they  provided  the  food  needed  to  feed  the  settlers' 
families;  surplus  fish  or  game  were  sold  or  traded  for  other  necessities  re¬ 
quired  for  daily  living. 

As  the  twentieth  century  dawned,  increasing  leisure  time  accompanying 
the  settlers'  higher  standard  of  living  led  to  greater  recreational  uses 
of  the  Upper  Mississippi  River.  Segregating  present~d3y  recreational  uses 
of  the  study  area  due  to  Corps'  operations  from  those  existing  in  1930,  prior 
to  the  nine-foot  channel,  presents  problems.  These  arise  because  of  the  dif¬ 
ficulty  of  isolating  the  increased  recreational  uses  of  the  river  caused  by 
more  people  in  the  region,  higher  standards  of  living,  and  increased  leisure 
from  those  caused  by  improved  navigational  and  other  recreational  opportunities. 

A  significant  portion  of  the  recreational  activity  on  the  Upper  Missis¬ 
sippi  is  due  (1)  to  the  improved  navigation  opportunities  for  large  plea¬ 
sure  craft  on  the  river,  and  (2)  to  improved  fish  and  game  habitat  resulting 
from  higher  water  levels  in  the  river.  The  potential  for  improved  fishing 
and  hunting  is  not  always  realized  (for  example  in  Pool  1)  because  increased 
industrialization  along  the  river  has  polluted  the  river  and  has  reduced  the 
available  hunting  areas,  which  often  more  than  offset  the  increased  habitat. 
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Data  for  1962,  which  include.0,  the  St.  Anthony  Falls  pools  with  Pool  1, 
shows  that  picnicking  and  fishing  are  t lie  most  frequent  pursuits  of  visitors 
to  this  segment  of  the  Mississippi.  River  (See  Table  36).  Swimming  and 
camping  were  non-existant ,  primarily  due  Lo  lack  of  sites  and  water  quality, 
respectively. 

Presently  there  probably  is  greater  use  of  the  river  as  indicated  by 
the  number  of  pleasure  boats  in  1972  (See  Figure  55).  During  1973  hiking, 
fishing  and  swimming  also  seemed  popular  in  Pool  1. 

Boating  Activity  and  Related  Facilities.  As  noted  above,  much  of  the 
increased  boating  in  the  study  area  of  the  river  —  and  virtually  all  of  it 
for  the  deeper-draft  pleasure  boats  —  is  made  possible  by  the  improved 
navigational  opportunities  provided  by  the  system  of  locks  and  dams.  Figure 
59  illustrates  the  dramatic  growth  in  pleasure  boating  in  the  study  area 
from  1960  to  1972.  The  figure  shows  that  number  of  pleasure  boats  moving 
through  each  lock  in  the  study  area  increased  by  an  average  of  about  1,500 
boats  during  the  twelve-year  period.  It  can  be  seen  that  the  number  of 
pleasure  boats  moving  through  the  Lower  St.  Anthony  Falls  Lock  and  Lock  1, 
those  at  each  end  of  Pool  1,  increased  by  about  the  average  for  the  District 
during  this  period. 

Table  36.  Entire  Pool  1  and  St.  Anthony  Falls  Pools  Visitation  —  1963 


•  Activity 

Annual  -  1963 

Peak  month  -  August 

Percent 
of  Total 

Number 

Percent 
of  Total 

Number 

Camping 

0 

0 

0 

0 

Picnicking 

57.1 

7,200 

73.5 

3,010 

Boating 

2.4 

300 

1.2 

50 

Fishing 

39.7 

5,000 

24.8 

1,020 

Water- ski  ing 

0.8 

100 

0.5 

20 

Swimming 

0 

0 

0 

0 

TOTAL 


100 


12,600 


100 


4,100 
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Figure  55.  Pleasure  Boats  Moving  Through  Upper  Mississippi 

River  Locks  in  1960  and  1972  (S.P.D.-NCS, selected  years) 

There  are  no  Federal  or  State  parks  in  the  area  backing  Pool  1.  The  only 
public  use  facilities  are  found  and  managed  by  the  Minneapolis  Park  Board 
(see  Table  37)  and  St.  Paul  Community  Services  (park  system).  The  facilities 
offered  are  limited.  The  only  pleasure  boats  kept  in  Tool  1  are  rowing  shells 
The  narrowness  of  the  gorge  and  navigational  hazards  involved  in  the  competi¬ 
tion  for  space  with  commercial  barges  further  discourages  pleasure  boating  at 
least  to  the  extent  that  most  other  pools  are  utilized. 

Sport  Fishing  and  Hunting.  Precise  measures  of  the  number  of  sport  fish¬ 
ermen  using  a  specific  pool  are  nut  available.  Although  creel  census  data 

are  available  for  Pools  4,5,  and  7  in  the  study  area,  comparable  data  do  not 
exist  for  the  majority  of  the  pools.  Probably  the  best  data  available  are 
the  number  of  sport  fishermen  observed  annually  by  attendants  at  lock  and  dam 
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sitec.  Attendants  to  each  lock  arid  dam  observe  the  river  pool  areas  above 
and  below  their  site  at  3:00  p.m.  each  day  and  record  the  combined  number  of 
sport  fishermen  seen;  the  data  are  not  recorded  separately  for  the  pool  above 
and  below  the  lock  and  dam.  The  annual  data  are  simply  a  sum  of  these  daily 
estimates. 

The  number  of  sport  fishermen  observed  by  attendants  at  each  lock  and 
dam  in  the  study  area  are  shown  in  Figure  56  for  the  years  1960  and  1970. 
There  has  been  little  change  during  the  ten-year  period  of  the  number  of 
sport  fishermen  observed.  Because  fish  tend  to  seek  water  with  a  high  con¬ 
centration  of  dissolved  oxygen  and  the  dams  tend  to  aerate  the  water,  the 
bulk  of  the  sport  fishermen  tabulated  in  Figure  56  are  probably  in  the  pool 
downstream  from  the  lock  and  dam  cited  on  the  horizontal  axis  of  the  figure. 
The  figure  shows  that  in  1970  fewer  sport  fishermen  were  observed  from  either 
end  of  Pool  1  than  at  any  other  lock  and  dam  except  Pool  2.  The  urban  indus¬ 
trial  nature  of  the  pool  and  the  high  degree  of  water  pollution  discourages 
most  fishing  in  Pool  1. 

Sport  hunting  along  the  Mississippi  River  study  area  is  large.  However, 
due  to  the  narrowness  of  the  pool  and  its  location  in  the  heart  of  the  metro¬ 
politan  area  hunting  does  not  take  place  in  Pool  1. 

Sightseeing  and  Picnicking.  Studies  in  general  indicate  that  a  body 
of  water  is  often  essential  for  most  recreation  activities.  People  want 
this  water  not  only  to  boat  on  or  to  fish  or  swim  in,  but  also  simply  to 
look  at,  picnic  beside,  and  walk  along.  The  study  area  of  the  Upper  Missis¬ 
sippi  has  served  this  purpose  for  settlers  for  two  centuries.  Again,  be¬ 
cause  precise  data  are  lacking,  it  is  generally  difficult  to  describe  the 
magnitude  of  this  category  of  recreation  and  to  isolate  the  effect  of  Corps’ 
operations  on  these  recreational  activities  in  each  pool.  To  assist  sight¬ 
seers,  the  Corps  of  engineers  operates  eight  overlooks  at  locks  and  dams  in 
the  study  area.  In  addition,  a  variety  of  parks  exist  along  the  river  that 
are  available  for  sightseeing  and  other  recreational  activities. 


1970 
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Perhaps  the  major  recreational  activity  in  Pool  1  is  sightseeing  and 
picnicking.  From  the  vicinity  of  the  campus  of  the  University  of  Minnesota 
to  Lock  and  Dam  l,both  banks  of  Pool  1  are  largely  devoted  to  narrow  strip 
parks.  These  parks  cover  the  steep  slopes  of  the  bluffs  and  a  small  strip 
of  the  level  tops  of  the  bluffs.  They  are  interlaced  with  pathways,  benches, 
tables,  fireplaces,  etc.,  which  encourage  recreational  walking  and  picnicking. 
There  are  a  number  of  overlooks  which  open  to  vistas  of  the  narrow,  steep¬ 
sided,  wooded,  river-gorge  and  the  busy  river  itself. 

Future  visitation  to  Pool  1  (and  St.  Anthony  Falls  Pools)  are  projected 
to  be  mainly  for  picnicking  and  fishing  (See  Table  38).  Future  facilities 
should  also  accommodate  hiking  and  biking  which  were  observed  to  be  frequent 
activities.  Perhaps  a  swimming  beach  should  be  planned  especially  for  safety 
reasons  because  several  informal  beaches  have  become  popular. 

Cultural  Considerations 

Some  historical  and  contemporary  sites  exist  in  the  study  area.  No 
sites  in  Pool  1  are  known  to  have  been  located  below  the  bluffs;  thus  no 
site  has  been  affected  by  operations  of  the  Corps  of  Engineers. 
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3.  THE  ENVIRONMENTAL  IMPACT  OF  THE  NINE-FOOT  NAVIGATION  CHANNEL 


INTRODUCTION 

Impacts  are  understood  here  to  be  environmental  responses  to  human  ac¬ 
tivities.  This  study  deals  mainly  with  those  impacts  resulting  from  the 
Corps  of  Engineers'  navigation  channel  project  and  related  activities  in 
Pool  1  of  the  Mississippi  River. 

Because  little  detailed  information  appears  to  exist  which  describes 
such  impacts  in  Pool  1  the  impacts  listed  below  were  derived  from: 

1.  field  studies  in  Pool  1  and  elsewhere  on  the  Mississippi  River 
during  summer,  1973; 

2.  information  from  previous  studies  of  Pool  1  which  were  made  for 
other  purposes; 

3.  information  from  studies  elsewhere  on  the  Mississippi  River; 

4.  basic  ecological  and  socioeconomic  principles  and  processes; 

5.  personal  experience  of  the  investigators. 

Field  studies  during  the  summer  of  1973  extended  the  data  base  to  pro¬ 
vide  further  information  on  at  least  the  major  impacts. 

The  Corps'  project  which  produces  these  impacts  includes  (a)  the  pre¬ 
sence  of  Lock  and  Dam  1  Mississippi  River  Mile  847.6  and  (b)  the  operation 
of  these  structures  and  the  maintenance  dredging  of  the  nine-foot  channel. 
Additional  impacts  arise  from  (c)  navigation  by  commercial  and  private  ves¬ 
sels  of  the  river  and  from  their  attendant  facilities,  and  (d)  barge  termi¬ 
nals  and  related  facilities.  The  environmental  impacts  of  this  project  are 
the  changes  brought  about  in  the  physical  and  biological  components  of  natu 
ral  systems  and  in  changes  in  the  industrial,  recreational  and  cultural  com 
ponents  of  socioeconomic  systems. 


NATURAL  SYSTEMS 


Identification  of  Impacts 

The  initial  impacts  of  impoundment  and  dredging  by  the  Corps  of  Engi¬ 
neers  upon  the  natural  environment  in  Pool  1  are: 

1.  formation  of  a  slackwater  pool  by  impounding  a  reach  of  the  river; 

2.  increase  in  bare,  erodable  soil  (spoil  banks); 

3.  increased  turbidity  due  to  dredging,  spoiling  and  navigation; 

4.  increased  incentive  for  developing  the  floodplain  and  river  banks; 

5.  moderation  of  water  level  changes. 

The  initial  impacts  listed  above  result  from  Corps'  operations  and  main¬ 
tenance  activities,  navigation,  barge  terminals  and  related  facilities  and 
to  pre-project  activities  (such  as  snagging  and  cleaning  activities),  pre¬ 
sented  in  Tables  39,  40  and  41.  From  the  initial  impacts,  stem  the  "secon¬ 
dary"  and  "subsequent"  environmental  impacts  which  are  then  traced  further, 
if  possible,  in  the  discussion  section. 

It  should  be  noted  that  the  impacts  in  Pool  1  are  not  always  completely 
isolated  and  ascribable  to  the  Corps.  This  is  because  these  impacts  are 
part  of  a  complex,  multi-dimensional  web  of  physical-chemical,  biological 
and  socioeconomic  interactions.  Impacts  may  also  derive  partially  from 
other  economic  and  cultural  activities  and  from  natural  environmental  pro¬ 
cesses  acting  in  the  local  area  as  well  as  in  the  larger  basin. 

Discussion  of  Impacts 


Since  the  Corps  already  had  built  lock  and  Dam  1  and  formed  a  pool  for 
the  six-foot  channel  project,  the  increase  in  depth  to  nine  feet  for  the 
present  project  must  have  had  relatively  less  impact  on  the  natural  environ¬ 
ment  in  Pool  1  than  elsewhere.  The  Pool  1  area  is  unique,  however,  because 
of  its  close,  high  bluffs  and  limited  floodplain,  and  its  location  in  the 
heart  of  the  TVin  Cities. 


Table  39.  Probable  Impacts  of  Operating  and  Maintaining  the  Nine-Foot 
Channel  Project  Upon  the  Components  of  Natural  Systems 
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Table  39.  Probable  Impacts  of  Operating  and  Maintaining  the  Nine-Foot  Channel 
Project  Upon  the  Components  of  Natural  Systems  (Continued) 
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Table  39.  Probable  Impacts  of  Operating  and  Maintaining  the  Nine-Foot  Channel 
Project  Upon  the  Components  of  Natural  Systems  (Continued) 


Increases  percentage  of 
sport  fish  in  upper 
Pool  1. 


Table  39.  Probable  Impacts  of  Operating  and  Maintaining  the  Nine-Foot  Channel 
Project  Upon  the  Components  of  Natural  Systems  (Continued) 
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Table  A 0.  Probable  Impacts  of  Commercial  Navigation,  and  Barge  Terminals 
and  Barge  Maintenance  Facilities  on  Natural  Systems  in  Pool  l 


-135- 


i 


Table  41.  Probable  Impacts  of  Corps  Activity  and  Structures 
Prior  to  1930  Upon  Natural  Settings  in  Pool  1 
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Table  41.  Probable  Impacts  of  Corps  Activity  and  Structures  Prior  to 
1930  Upon  Natural  Settings  in  Pool  1  (Continued) 
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Thus,  the  on-going  maintenance  of  the  nine-foot  project  also  may  have 
a  greater  impact.  Environmental  impacts  of  early  channel  projects  as  well 
as  the  nine-foot  project  have  not  been  reported-upon  previously. 

Although  atypical  compared  with  downstream  pools,  some  effects  of  the 
present  project  may  be  similar  to  those  in  other  pools.  Thus,  insofar  as 
possible,  the  impacts  described  above  should  be  considered  in  the  framework 
of  the  whole  Mississippi  River  system  and  in  light  of  other  human  develop¬ 
ments. 

The  Mississippi  River  mainstream  is  the  largest  continuous  freshwater 
corridor  in  the  United  States.  Long  recognized  for  its  unique  scenic,  fish, 
shellfish,  wildlife,  recreation  and  transportation  qualities,  concern  for 
the  future  of  wildlife  and  fish  in  the  valley  which  led  to  the  establishment 
of  the  Upper  Mississippi  River  Refuge  is  still  vital  today. 

Channel  Maintenance 

The  effect  of  dredging  in  Pool  1  apparently  has  not  been  studied. 
Compared  with  other  on-going  Corps*  activities  in  the  Upper  and  Lower  Pools, 
dredging  and  spoiling  probably  have  the  greatest  impact  on  the  natural  en¬ 
vironment. 

Annually  an  average  of  over  125,000  cubic  yards  are  dredged  from  the 
St.  Anthony  Falls  pools.  This  amount  is  only  slightly  below  the  average 
annual  volume  of  the  other  pools  in  the  Twin  Cities  area  and  the  remainder 
of  the  St.  Paul  District  as  well  (See  Table  42).  Because  of  the  length, 
the  dredged  volume  averages  22,000  cubic  yards  per  mile.  This  is  38%  more 
than  the  next  highest  volume.  However,  there  is  no  floodplain;  thus  the 
spoil  is  piled  higher  or  further  constructs  the  channel.  Although  this 
constricting  process  increases  hydraulic  efficiency— thus  possibly  reducing 
dredging — it  also  increases  flood  levels  upstream.  Further,  more  aquatic 
and  terrestrial  habitat  is  lost  when  the  spoil  is  spread  out.  When  the  spoil 
is  piled  higher  it  revegetates  less  rapidly,  if  at  all;  it  erodes  more  easily; 
and  it  is  aesthetically  displeasing. 


—  ■  - _ _ . 


J. 


Table  42.  Quantity  of  Sediment  Dredged  per  Year  from  the  Mississippi  River 


and  Navigable  Tributaries  in  the  St.  Paul  Engineers  District 
(Calculated  from  data  from  S.P.D.-NCS,  1973) 


Pool  or  Tributary 

St.  Anthony  Falls 

Average  Annual 
Volume  Per  Year 
(in  cubic  yards) 

Average  Annual 
Volume  Per  Year 
Per  River  Mile 
(in  cubic  yards) 

23,522 

5,470 

Pool  1 

125,640 

22,042 

Minnesota 

River 

12,253 

834 

Pool  2 

175,126 

5,422 

St.  Croix 

River 

40,836 

1,667 

Pool  3 

112,187 

6,130 

Pool  4 

487,836 

11,062 

Pool  5 

235,969 

16,052 

Pool  5A 

152,302 

15,865 

Pool  6 

95,371 

6,716 

Pool  7 

150,303 

12,738 

Pool  8 

282,549 

12,127 

Pool  9 

155,000 

4,984 

Pool  10 

94,313 

2,875 

Total  14 

Total  Annual  Volume 
St.  Paul  District 

’  2,143,207 

Average  Annual 

Volume  per  Pool 

153,086 

Average  Annual 

Volume  per  Mile  8,856 

The  effects  of  dredging  may  spread  beyond  the  site  and  last  longer  than 
just  the  dredging  period.  Dredging  creates  a  sterile  area  of  the  river  bot¬ 
tom  and  increases  turbidity  in  the  river.  Turbidity  may  be  harmful  to  fish 
and  other  aquatic  animals,  as  well  as  possibly  reducing  the  productivity  of 
aquatic  plants  on  which  the  aquatic  animals  ultimately  depend.  A  study  of 
the  effects  of  dredging  upon  water  turbidity  revealed  that  a  3-fold  increase 
in  turbidity  at  the  surface  and  at  the  bottom  occurred  100  feet  downstream 
from  the  clamshell  dredge.  While  the  surface  turbidity  returned  to  "normal", 
the  turbidity  on  the  bottom  was  still  nearly  double  the  "normal"  nearly  a 
mile  downstream  from  the  dredge  (Figure  57).  The  amount  of  increased  tur¬ 
bidity  and  area  affected  may  be  less  in  Pool  1  even  though  the  same  equip¬ 
ment  is  used,  because  the  dredged  sediment  in  this  pool  is  generally  a 
coarser  sand  than  at  the  study  site  in  the  Minnesota  River. 

The  unstable,  unconfined  spoil  banks  usually  begin  eroding  as  soon  as 
they  are  deposited,  with  the  resuspended  sediments  causing  increased  tur¬ 
bidity  and  redeposition  downstream.  This  sediment  probably  smothers  bottom 
organisms  and  removes  fish  habitat  (and  often  requires  redredging  downstream 
in  the  navigation  channel). 

While  the  greatest  turbidity  may  persist  only  as  long  as  dredging  pro¬ 
ceeds,  the  recolonization  of  the  bare  river  bottom  may  take  years  to  accom¬ 
plish.  Mollusks  have  been  reported  to  take  ten  or  more  years  to  recolonize 
a  dredged  area  (Stansbery,  1970). 

.  It  seems,  therefore,  that  the  effects  of  dredging  adversely  affect  the 
natural  environment  not  only  on  the  actual  site, but  further  downstream,  and 
through  a  longer  period  of  time  than  at  the  actual  dredging  site  and  time. 

Apparently  some  of  the  spoil  is  becoming  revegetated.  However,  most  of 
the  spoil  lacks  natural  vegetation  because  it  is  too  dry.  Aesthetic  appeal 
of  this  reach  of  the  river  thus  has  been  impaired.  These  nonvegetated 
sites  will  erode  and  deposit  more  sediment  in  the  river  which  must  then  be 
dredged  out  again. 
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Figure  57.  Effect  of  Clamshell  Dredging  Upon  Turbidity 
in  the  Minnesota  River,  September  25,  1973 
Depth  in  feet  in  (  ) . 


As  mentioned  above  lock  operations  may  provide  a  by-pass  around  the 
dam  to  fish  and  mussels;  attendant  surges  in  current  may  produce  some  in¬ 
crease  in  turbidity  and  bank  erosion. 


Although  they  may  retard  the  migration  of  fish  and  mussels,  dams  pro¬ 
vide  a  good  means  for  aerating  the  water  and  thus  improving  conditions  for 
aquatic  life. 

Navigation  Effects 

Commercial  navigation,  barge  terminals  and  other  facilities  dependent 
upon  the  nine-foot  channel,  may  have  adverse  environmental  effects  on  Pool  1. 

The  turbidity  increases  because  of  resuspension  of  bottom  sediments 
from  propeller  turbulence,  and  by  bank  erosion  due  to  the  energy  of  the  wake, 
by  two  to  three  times  within  30  seconds  after  passing.  Even  30  minutes  af¬ 
ter  passing  the  turbidity  may  be  1  1/2  times  that  prior  to  passage  of  the 
tow  (Figure  58).  The  amount  may  be  less  in  magnitude  and  duration  in  Pool 
1  because  some  of  the  sediments  are  coarser  than  the  study  site  in  the  Min¬ 
nesota  River.  Spills  and  discharges  coming  from  the  vessels  and  barge  ter¬ 
minals  may  be  adverse  to  the  environment.  The  activity  of  commercial  traf¬ 
fic  up  and  down  the  river  provides  aesthetic  interest  to  many  people,  but  may 
also  disrupt  fish  and  waterfowl  behavior. 

Effects  of  Impoundment 

Impoundment  of  the  Mississippi  River  in  the  gorge,  formed  when  St. 
Anthony  Falls  was  receding  has  converted  a  large  segment  of  a  youthful, 
wilder  river  into  a  quiet  reflective  pool.  A  remnant  of  the  river's  former 
energetic  surface  may  be  found  under  the  Burlington  Northern  Bridge, just 
downstream  from  the  St.  Anthony  Falls  Lock  and  Dam.  The  placid  waters  of 
Pool  1  provide  unmatched  facilities  for  the  University  of  Minnesota  and  the 
Minneapolis  rowing  clubs. 


Turbidity,  FTU.  Turbidity, 


Figure  58.  Duration  (in  minutes)  of  Increases  in  Turbidity  Due 
to  a  Tow  Boat  on  the  Minnesota  River  at  Mile  13-3, 
from  the  Right  Bank  to  the  Left  Bank  on 
September  25,  1973. 
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However,  this  quiet  pool  also  has  the  greatest  amount  of  dredging  an¬ 
nually  per  mile  than  elsewhere  in  the  Twin  Citj.es  area  and  the  whole  St. 

Paul  District  as  well.  While  the  spoil  banks  provide  areas  for  recreation, 
the  spoil  is  gradually  filling  in  the  narrow  gorge,  altering  its  aesthetic 
quality  and  reducing  the  river  to  a  narrow  channel.  Spoil  disposal  as  well 
as  dredging  also  may  be  detrimental  to  the  recently  reported  small  mouth 
bass  fishing. 

As  the  spoil  erodes,  shallow  water  areas  are  formed  which  may  provide 
additional  fish  and  waterfowl  habitat.  These  shallow  areas  may  also  be 
used  for  beaching  small  boats. 

Except  at  the  heavily-traveled  bridges,  the  large  apartment  tower  near 
the  Ford  Bridge,  and  the  tall,  clumsy  Health  Sciences  Building  at  the  Uni¬ 
versity,  travelers  through  the  gorge  can  easily  forget  that  they  are  passing 
through  the  heart  of  a  large  metropolitan  area.  As  bare  spoil  banks  continue 
to  fill  the  gorge,  and  as  more  apartment  and  other  towers  command  the  sky¬ 
line,  the  aesthetic  appeal  of  Pool  1  will  decline  sharply. 


By  virtue  of  converting  a  free-flowing  river  to  slackwater  pools  and 
subsequent  sedimentation,  impounding  the  river  and  maintenance  of  the  chan¬ 
nel,  along  with  urbanization,  are  undoubtedly  the  most  important  human  ac¬ 
tivities  affecting  the  river  system.  By  comparison 


”.  .  .  in  the  non-pooled  section  of  the  Mississippi  River 
between  Cairo,  Illinois,  and  St.  Louis,  Missouri,  a  reach 
of  nearly  200  river  miles,  there  has  been  a  loss  of  nearly 
70  percent  of  the  flowing  side  channels  and  approximately 
30  percent  of  the.  channel  surface  since  the  9-foot  project 
began.  These  losses  are  directly  due  to  the  construction 
of  emergent  wing  dams  and  closing  structures,  in  combination 
with  dredging.  This  section  constitutes  nearly  one  fourth 
of  the  total  Upper  Mississippi  River  reach  committed  to  a 
9-foot  navigation  channel  (Vogtraan,  1973)." 


I 
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This  serves  to  emphasize  the  uniqueness  of  the  remaining  riverine  habitats 
farther  upstream,  particularly  Pool  1,  as  well  as  to  suggest  what  might 
eventually  happen  in  this  reach. 

Human  impact  on  river  valley  ecosystems  developed  as  the  river  grew 
in  importance  as  a  trade  route.  In  the  nineteenth  century,  river  transpor¬ 
tation,  which  was  important  earlier  in  the  fur  trade,  intensified  as  the 
land  was  plowed,  the  forests  lumbered,  and  cities  flourished.  These  altera¬ 
tions  of  the  watershed  probably  yielded  greater  runoff  carrying  more  sediment 
and  nutrients  to  the  river.  Water  levels  may  have  changed  more  drastically, 
leaving  broad  areas  of  exposed  bottom  such  as  at  the  head  of  the  present 
Pool  1  compared  with  the  present  pools  which  now  remain  full  from  bank  to 
bank.  These  changes  probably  led  to  greater  bank  erosion,  increased  size 
and  number  of  sandbars  and  snags,  and  cutting  off  and  filling  in  of  back¬ 
waters. 

The  increasing  importance  of  the  Mississippi  River  transportation  to 
the  economy  of  the  Midwest  led  Congress  to  direct  the  Corps  of  Engineers  to 
develop  the  river  for  commercial  navigation.  Initially,  impacts  were  limited 
to  loss  of  substrate  through  the  removal  of  snags  and  boulders.  Later, 
channelization  by  wing  and  closing  dams  and  by  dredging  brought  larger-scale 
impacts. 

Some  organisms  probably  benefited  from  impoundment  while  others  probab¬ 
ly  suffered.  Perhaps  northern  pike,  sunfish  and  carp  increased.  However, 
the  skipjack  herring,  Ohio  shad  and  blue  sucker  have  been  eliminated  from 
the  river. 

Impounding  the  river  slowed  the  current,  resulting  in  deposition  of 
sand,  silt  and  organic  matter  burying  the  rocks  and  grovel  of  the  free- 
flowing  river  bottom.  The  increase  in  water  level  eventually  eliminated  13 
islands,  totaling  73  acres  (See  Figure  59  and  Table  5  in  Section  1).  Some 
of  these  islands  now  are  shallow  areas,  some  were  dredged  and  others  reside 
below  spoil. 


Comparison  of  1895  (MRC,  1985)  with  1967 
(USGS,  1967)  Environmental  Setting  in 
in  Pool  1.  Note  increased  water  surface, 
lack  of  islands,  appearance  of  sandy  (spoil) 
areas,  and  urbanization. 
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Slowing  of  a  rapid,  free-flowing  river  into  a  slackwater  pool,  a 
moderate  pollutional  load  and  constant  dredging  up  and  thus  killing  of  the 
clams  has  probably  resulted  in  a  severe  reduction  of  the  inollusk  community. 

Apparently  most  raollusks  require  a  "lively  current",  and  a  migrating 
fish  community  in  order  to  disperse  and  maintain  productivity.  The  migra¬ 
tion  of  fish  is  prevented  (or  discouraged)  by  dams  (Ortmann,  1909),  although 
navigation  locks  may  occasionally  provide  a  means  to  bypass  this  barrier. 
Grant  found  27  species  of  mussels  at  Fort  Snelling  in  the  1880’s,  where 
more  recently  only  13  species  were  located  (Dawley,  1947).  This  reduction 
in  diversity  may  be  the  result  of  the  combination  of  urbanization  and  the 
disruptions  of  the  nine-foot  channel  project. 

SOCIOECONOMIC  SYSTEMS 

The  impacts  of  the  Corps  of  Engineers'  nine-foot  channel  project  upon 
components  of  the  socioeconomic  system  bordering  Pool  1  are  identified  be¬ 
low  and  then  discussed  in  detail.  The  socioeconomic  impacts  originate  from 
the  Corps'  operation  and  maintenance  of  Lock  and  Dam  1  and  from  maintenance 
dredging  of  Pool  1,  as  well  as  from  the  Lock  and  Dam  and  maintenance  dredging 
elsewhere  in  the  Mississippi  River.  Thus  these  project  features  produce  a 
commercially  profitable  navigation  channel  extending  from  Minneapolis  857 
miles  to  Cairo,  Illinois. 

Identification  of  Impacts 

The  impacts  of  the  river-borne  commerce  and  the  Corps'  project  features 
which  provide  the  channel  may  be  divided  into  industrial,  recreational  and 
cultural  effects.  At  present  it  is  possible  only  to  estimate  these  impacts 
by  using  the  numbers  of  facilities  and  vessels,  and  estimating  the  number  of 
people  involved.  However,  information  is  as  yet  unavailable  on  the  dollar 
value  of  these  impacts. 
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Industrial  Impacts 

The  principal  industrial  impacts  are: 

1.  Barge  transportation  on  the  Upper  Mississippi  that  leads  to: 

a.  An  increase  in  commercial  docks  on  the  River  and 
attendant  employment, 

b.  Location  of  industrial  plants  along  the  River  whose 
raw  materials  or  products  lend  themselves  to  shipment 
by  barge;  this  contributes  direct  employment  in  these 
plants  and  indirect  employment  in  firms  — 

1)  providing  goods  or  services  as  inputs  to  the  barge- 
oriented  plants,  or 

2)  using  the  outputs  of  these  plants  or  raw  materials 
for  their  own  operations, 

3)  reducing  the  recreation  area  and  access,  and 

4)  reducing  aesthetic  appeal  of  the  gorge. 

c.  A  decline  in  the  quality  and  increased  turbidity  of  water 
in  some  portions  of  the  Upper  Mississippi  River  due  to  — 

1)  effluents  produced  by  barge-oriented  plants,  and 

2)  turbidity  caused  mainly  by  towboat  movement 

2.  Additional  employment  due  to  the  operation  of  the  Locks  and 
Dams. 

3.  Decline  in  recreational  opportunities  on  and  alongside  the  River 
due  to : 

a.  Increase  in  barge  activity  in  pools  and  locks, 

b.  Loss  of  potential  ramp  sites  due  to  industrial  development 
of  riverbank  property, 

c.  Loss  of  potential  marina  sites  due  to  straightening  and  narrowing 
of  the  river,  and  joining  islands  to  the  banks, 

d.  Decline  in  aesthetic  appeal  of  riverscape. 

To  summarize,  beneficial  industrial  impacts  that  result  from  operating 
and  maintaining  the  nine-foot  channel  and  its  associated  locks  and  dams  by 
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the  Corps  of  Engineers  are  an  increase  in  the  number  of  industrial  plants  and 
commercial  docks  along  the  River  with  their  associated  employment,  and  the 
employment  in  lock  and  dam  operation.  The  detrimental  effects  are  a  decline 
in  water  quality  due  to  river  barges  and  the  related  industrial  plants  along 
the  River,  and  a  decline  in  opportunities  for  recreation  on  and  beside  the 
River. 

Recreational  Impacts 

The  principal  recreational  impacts  are: 

1.  A  potential  increase  in  recreational  boating  due  to  stable, 
navigable  water  levels  which  should  lead  directly  to  more  mari¬ 
nas  —  and  their  accompanying  employment  in  other  pools; 

2.  A  potential  increase  in  bird  watching  and  fishing  due  to 
an  increase  in  — 

a.  Waterfowl  habitat,  and 

b.  Fish  spawning  areas  resulting  from  rising  water  levels. 

3.  An  increase  in  sightseeing  visitors  to  Lock  and  Dam  1  and  to  the 
gorge  as  a  result  of  the  spoil  piles. 

The  effects  cited  above  are  positive  except  for  those  from  increased  in¬ 
dustrial  activity  (barge  traffic  and  industrial  plants)  that  may  reduce  boat¬ 
ing  and  fishing. 

Cultural  Impacts 

No  archaeological  or  historical  sites  of  cultural  significance  in  Pool  1 
are  known  to  have  been  affected  by  Corps'  operations.  A  unique  cultural  fea¬ 
ture,  the  Minneapolis  Centennial  Showboat,  is  located  at  the  University  of 
Minnesota  (Mile  852). 
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The  industrial  and  recreational  impacts  identified  above  are  examined 
in  detail  in  the  following  three  sections. 

Industrial  Activities 

5 

[ 

The  industrial  impact  of  the  activities  of  the  Corps  of  Engineers  on 
the  Mississippi  River  in  the  St.  Paul  District  can  be  measured  mainly  by 
two  major  elements.  They  are: 

1.  The  number  of  commercial  docks  for  the  transfer  of  cargo  and 
storage  facilities; 

2.  The  number  of  vessels  and  the  tonnages  on  the  waterway. 

The  industrial  impacts  due  to  the  Corps'  project  in  Pool  1  appear  rela¬ 
tively  minor  compared  with  Pool  2  because  of  the  few  terminals  and  vessels. 
The  limited  floodplain  area  available  for  recreation  and  the  unique  aesthetic 
quality  of  the  gorge,  contrast ingvertical  cliffs  and  horizontal  water,  sug¬ 
gests  that  perhaps  the  barge  terminals  and  related  facilities  in  Pool  1  may 
have  a  significant  impact.  This  impact  will  be  substantially  reduced  when 
the  present  relocation  of  three  of  the  terminals  to  the  St.  Anthony  Falls 
Upper  Pool  is  complete. 

The  relocation  of  the  Minneapolis  Municipal  Terminal  means  that  the  in¬ 
dustrial  impact  will  be  primarily  the  number  of  vessels  and  size  of  the  tows 
on  the  river  which  are  passing  through  to  and  from  the  St.  Anthony  Falls 
pools. 


The  sand  dredged  from  Pool  1,  which  averages  125,000  cubic  yards  annual¬ 
ly,  could  become  a  significant  economic  impact  if  a  market  could  be  developed 
This  positive  impact  also  would  greatly  reduce  the  adverse  impacts  upon  the 
natural  environment  caused  by  spoiling  of  the  dredged  sediment. 
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Barge  Activity.  The  greatest  and  most  obvious  impact  of  the  activities 
of  the  Corps  of  Engineers  in  Pool  1  has  been  the  modification  of  the  trans¬ 
portation  system  due  to  the  growth  of  barge  traffic.  The  visual  evidence  of 
the  impact  is  seen  in  the  physical  structures  (e.g.  locks  and  dams,  and  the 
four  commercial  docks  and  terminals)  on  the  shores  and  the  barge  tows  moving 
along  the  river.  Pool  1  has  been  the  origin  or  terminal  for  a  small  amount 
of  the  commodities  that  move  in  barges  along  the  Upper  Mississippi  River 
until  1909.  But  more  importantly  it  serves  as  a  water  link  between  important 
commodity  terminals  upstream  in  the  St.  Anthony  Falls  pools  and  downstream 
from  it. 

Figures  60  and  61  show  graphically  the  growth  of  receipts  into  and  ship¬ 
ments  from  the  St.  Paul  District  in  the  30  years  from  1940  to  1970.  Although 
receipts  still  substantially  exceed  shipments,  the  growth  in  shipments  (89 
percent  grain)  from  the  district  in  these  three  decades  indicates  the  great 
impact  of  the  river  on  the  regional  economy. 

In  1970  some  rough  projections  (based  on  1964  data)  were  made  of  the 
growth  of  commerce  in  the  St.  Paul  District  (UMRCBS,  Appendix  J,  1970).  The 
projections  suggest  that  the  tonnage  of  barge  traffic  moved  in  the  Upper 
Mississippi  River  basin  will  about  double  from  1964  to  1980  and  about  triple 
from  1964  to  2000. 

It  is  noteworthy  that  receipts  into  the  St.  Paul  District  have  always 
exceeded  shipments.  In  earlier  years  this  imbalance  was  often  extreme (e. g. , 
1953  receipts  “  3,052,144  tons,  shipments  =  334,233  tons).  Recently , however , 
the  ratio  has  been  around  2:1.  Inasmuch  as  grains  and  soybeans  constitute 
the  preponderant  tonnage  of  shipments,  fluctuation  in  waterborne  transport 
of  these  products  can  be  profound  due  to  crop  conditions  and  storage  facili¬ 
ties,  foreign  sales,  and  competing  forms  of  transportation. 

Data  are  not  available  on  the  tonnage  of  cargo  originating,  terminating, 
or  passing  through  the  St.  Paul  District.  However,  some  comparative  idea  of 
shipping  activity  can  be  gained  from  the  following  information.  Vessel  traffic 
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Figure  61.  Shipments  Out  of  the  St.  Paul 
(S.P.D.-NCS,  Selected  years) 
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measured  in  tons  from  Minneapolis  to  the  mouth  of  the  Missouri  River  is 
shown  for  selected  years  as  follows: 

Year  Total  Vessel  Traffic  (Tons) 


1962 

30,526,626 

1964 

34,108,482 

1966 

41,311,941 

1968 

46,174,929 

1970 

54,022,749 

1971 

52,773,097 

Detailed  data  on  the  amounts  of  commodities  originating  in  Pool  1  or 
destined  for  it  are  not  available.  However,  analysis  of  commercial  and 
industrial  facilities  adjacent  to  the  pool  suggests  that  the  major  commodi¬ 
ties  originating  or  terminating  in  the  pool  are  grain,  petroleum  products, 
coal,  and  steel. 

Statistics  on  the  numbers  of  vessels  originating,  terminating,  or  pass¬ 
ing  through  Pool  1  are  not  available  directly.  However,  some  comparative 
idea  of  barge  activity  can  be  gained  from  studying  the  commercial  lockages 
through  Lock  1  and  the  Lock  at  the  Lower  St.  Anthony  Falls  —  the  locks  at 
either  end  of  Pool  1  —  which  are  shown  in  Table  43.  From  1960  to  1972  com¬ 
mercial  lockages  through  Lock  1  increased  by  100  percent  and  those  through 
Lower  St.  Anthony  Falls  increased  from  only  71  in  1960  to  2,072  in  1972. 

Commercial  Dock  Facilities.  Firms  that  depend  heavily  on  the  river 
often  maintain  riverside  facilities.  Pool  1  presently  contains  four  commer¬ 
cial  docks  and  terminals,  including  one  that  is  devoted  exclusively  to  peto- 
leum  products,  one  only  to  grain,  and  two  to  coal. 

Behind  these  docks  are  factories  and/or  storage  facilities  that  are 
dependent  upon  them.  Thus,  the  ramifications  of  river  navigation  reach 
deeply  into  the  entire  economy  of  the  region  surrounding  Pool  1  and  indeed 
throughout  the  whole  upper  Mississippi  region.  Employment  directly  and  in- 
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Table  43.  Commercial  Lockages  in  Pool  1 

1960-1972  (S.P.D.-NCS,  selected  years). 


Commercial  Lockages  Through. . . 

Year 

Lock  1 

Lock  LSAFa 

1960 

1,082 

71 

1961 

1,323 

317 

1962 

995 

69 

1963 

1,367 

294 

1964 

1,688 

523 

1965 

1,571 

1,047 

1966 

1,703 

1,199 

1967 

1,560 

1,096 

1968 

1,748 

1,419 

1969 

1,949 

1,743 

1970 

1,914 

1,694 

1971 

1,765 

1,442 

1972 

2,193 

2,072 

^ower  St.  Anthony  Falls  Lock 


directly  connected  to  these  industries  forms  a  small  though  significant  per¬ 
centage  of  the  regional  work  force. 

From  an  economic  point  of  view  most  of  the  effects  of  the  activities  of 
the  Corps  of  Engineers  are  beneficial.  Ultimately  the  benefits  of  economic 
activity  have  to  be  measured  in  terms  of  providing  livelihood  to  human  beings 
Employment  generated  by  the  availability  of  waterborne  transport  to  Pool  1 
includes  both  workers  directly  connected  with  the  river  itself  and  a  far 
larger  number  of  those  whose  livelihood  is  less  directly  dependent  on  water 
shipping.  In  the  first  category  is  included  employment  by  the  Corps  of  En¬ 
gineers  itself,  workers  on  docks  and  shoreside  facilities,  and  those  working 
on  the  vessels  themselves.  The  second  category  consists  of  those  whose  live¬ 
lihood  is  gained  by  either  utilizing  the  products  brought  into  Pool  1  by 
waterborne  carriers  or  who  process  goods  shipped  by  water.  Included  in  this 
category  are  those  who  supply  goods  and  services  to  those  directly  involved 
with  water  shipping  on  the  Upper  Mississippi. 
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t  The  total  employment  involved  either  directly  or  indirectly  with  all 

commercial  operations  on  the  river  is  not  known.  The  Corps  of  Engineers  it¬ 
self  has  some  150  persons  who  are  concerned  with  lock  and  dam  operations.  In 
addition  to  this  the  dredge  "Thompson"  has  approximately  65  crew  members. 

U.  S.  Department  of  Commerce  data  on  employment  on  the  Upper  Mississippi  are 
deficient  as  well.  These  data  are  collected  for  mid-i  rch,  a  period  when 
water  traffic  in  the  St.  Paul  District  is  almost  completely  inactive  and  sea¬ 
sonal  lay-offs  are  in  effect.  Further,  these  data  are  aggregated  in  a  way 
designed  to  prevent  isolation  and  identification  of  particular  firms.  This 
also  has  the  effect  of  preventing  identification  of  employment  or  other  eco¬ 
nomic  activity  in  particular  pools  or  even  of  particular  waterways.  However, 
some  estimates  of  employment  can  be  made.  In  mid-March  of  1971  8,632  persons 
in  the  U.  S.  were  employed  in  River  and  Canal  Transport.  This  figure  does 
not  include  warehousing  or  persons  employed  by  firms  where  the  SIC  classifi¬ 
cation  lies  outside  of  transportation,  even  though  they  themselves  may  be 
working  exclusively  on  the  river.  The  same  data  show  556  persons  in  Minnesota 
as  a  whole  who  work  in  the  field  of  water  transport.  This,  however,  includes 
the  Great  Lakes  as  well  as  the  Upper  Mississippi.  Some  of  these  people  are  em¬ 
ployed  by  private  dredging  firms  whose  existence  is  dependent  upon  the  work  of 
the  Corps. 

A  further  benefit  which  can  be  attributed  to  the  maintenance  of  navigation 
on  the  Upper  Mississippi  is  in  the  savings  in  transportation  costs,  particularly 
for  bulk  commodities.  Estimates  of  these  savings  have  been  made.  One  of  these 
estimates  the  savings  over  the  other  various  least-cost  alternatives  of  between 
4.0  and  5.4  mills  per  ton-mile.*  It  is  generally  recognized  that  bulk  commo¬ 
dities,  particularly  those  having  low  value-to-weight  ratios,  are  appropriate 
for  barge  transport.  Coal,  petroleum,  and  grain  that  have  these  characteris¬ 
tics  are  examples  of  such  commodities  that  originate,  terminate,  and  move 
through  Pool  1  on  river  barges. 


*Source:  Upper  Mississippi  River  Comprehensive  Basin  Study.  Appendix  J,  p.  90. 
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The  socioeconomic  impact  of  the  physical  effects  of  navigation  cannot 
be  measured  precisely  because  of  the  inability  to  isolate  single  factors  from 
a  wide  range  of  potential  ones.  Dredging  and  the  movement  of  tugs  and  barges 
does  increase  water  turbidity  to  which  must  be  added  pollution  from  barge  spil¬ 
lage,  washing  and  loss  while  loading  or  unloading.  Yet  this  pollution  is  small 
relative  to  the  load  placed  in  the  river  from  other  sources.  These  impacts  may 
have  economic  effects  on  commercial  and  sport  fishing,  which  are  discussed  below. 

Commercial  Fishing.  There  is  no  known  commercial  fishing  in  Pool  1  due 
to  the  lack  of  habitat  and  intensive  industrial  and  other  uses  of  the  river 
water.  Pollution  is  significant  and  appears  to  have  inhibited  fish  spawning 
and  growth. 

Recreational  Impacts 

Recreational  impacts  in  Pool  1  may  be  divided  into  boating  activities 
and  related  facilities,  sport  fishing,  sightseeing  and  picnicking. 

Boating  Activities  and  Related  Facilities.  For  Pool  1  the  best  avail¬ 
able  measures  of  pleasure  boating  activity  are  records  of  pleasure  boats  lock¬ 
ing  through  Lower  SAF  and  Lock  1  —  the  locks  at  each  end  of  the  pool.  These 
data  —  along  with  the  total  pleasure-boat  lockages  through  these  two  locks  — 
are  shown  in  Table  44  for  the  years  1960  to  1972.  The  table  shows  sharp  in¬ 
creases  in  pleasure  craft  locking  through  both  Lock  1  (from  about  1,300  in 
1960  to  about  2,800  in  1972)  and  Lower  St.  Anthony  Falls  (from  none  in  1960  to 
1,455  in  1972)  during  the  period.  The  table  also  shows  an  accompanying  in¬ 
crease  in  the  number  of  pleasure-boat  lockages  during  the  period.  Further  in¬ 
creases  are  expected  as  water  quality  improves,  recreation  areas  become 
available  at  Nicollet  and  Boom  Islands  and  simply  as  the  Twin  Cities  population 
grows.  The  present  fuel  shortage  reducing  long  trips  to  other  waters  will  help 
to  increase  the  number  of  boats  also. 

A  few  physical  facilities  have  been  developed  in  Pool  1  that  exist  mainly 
to  serve  boaters  using  the  pool.  These  include: 


Pleasure  Boats  Through 


Pleasure-Boat  Lockages  Through. 


Lock  1 

Lock  LSAFa 

Lock  1 

Lock  LSAF3 

1,278 

0 

708 

0 

1,211 

10 

838 

10 

959 

1 

623 

1 

1,427 

5 

856 

5 

1,890 

887 

1,155 

679 

1,121 

402 

743 

208 

1,677 

809 

1,064 

581 

2,088 

1,024 

1,221 

732 

2,193 

1,218 

1,422 

881 

2,415 

1,134 

1,405 

769 

2,960 

1,482 

1,861 

1,010 

3,455 

1,936 

1,783 

1,226 

2,798 

1,455 

1,568 

926 
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Facility  Number 

Small  boat  harbors,  marinas,  boat  clubs  1 

Recreational  sites  with  ramps  1 

Both  of  these  facilities  result  from  Corps'  operations  on  the  River 
that  contributed  the  channel  and  stable  water  levels,  although  neither  are 
owned  or  maintained  by  the  Corps. 

Other  recreational  sites  adjacent  to  Pool  1  are  not  directly  affected 
by  Corps'  operations. 

Sport  Fishing.  Although  precise  data  on  sport  fishing  are  not  available, 
attendants  at  each  lock  and  dam  make  daily  observations  at  3:00  p.m.  each  day 
throughout  the  year  of  the  number  of  sport  fishermen  observed  from  their  work 
location.  However,  a  considerable  amount  of  fishing  occurs  also  along  the 

riverbank  although  there  are  no  figures  presently  to  demonstrate  this.  Annual 
data  for  the  most  recent  years  for  which  these  records  are  available  appear  in 
Table  45.  The  table  shows  a  wide  variation  in  sport  fishermen  observed  from 

Lock  and  Dam  1  since  1963.  Because  most  sport  fishermen  observed  from  a  lock 
and  dam  are  downstream  from  the  dam,  most  of  the  fishermen  seen  from  Lock  and 
Dam  1  are  in  Pool  2.  Fishermen  in  Pool  1  —  as  seen  from  Lower  St.  Anthony 
Falls,  show  no  noticeable  pattern  for  the  available  data.  Sport  fishing  in 

Pool’l  occurs  mainly  just  below  Lower  St.  Anthony  Falls  to  avoid  the  more 
polluted  downstream  areas. 

Sport  fishing  will  increase  in  popularity  because  of  a  larger  human 
population,  for  instance  as  part  of  the  planned  30,000  population  for  the 
Cedar-Riverside  Development,  of  improved  water  quality,  thus  more  fish,  and 
of  greater  awareness  of  the  resource  among  anglers. 
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Table  45, .  Number  of  Sport  Fishermen  Observed  Annually 
by  Attendants  from  J.cck  and  15am  Sites  at 
Both  Ends  of  Pool  1  on  the  Upper 
Mississippi  River,  1960  to  1970 
(UMRCC,  selected  years) 


Year 

Lock  and  Dam  SAF 

Lock  and  Dam  1 

1960 

Not  Available 

Not  Available 

1961 

Not  Available 

Not  Available 

1962 

Not  Available 

Not  Available 

1963 

Not  Available 

Not  Available 

1964 

2,117 

1,184 

1965 

Not  Available 

Hot  Available 

1966 

Not  Available 

Not  Available 

1967 

963 

1,108 

1968 

1,162 

1,194 

1969 

1,344 

1,428 

1970 

1,281 

635 

Note:  Counts  are  made  once  each  day  at  3:00  p.m. 
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Recreational  visitation  in  Pool  1  is  difficult  to  estimate  since  long 
strip  parks  border  much  of  the  lower  pool.  These  parks  are  open  along  their 
entire  length  to  use  by  residents  in  the  vicinity  as  well  as  hikers  and 
visitors  arriving  by  car  and  bus. 

Cultural  Impacts 

The  stable  water  levels  of  Pool  1  combined  with  a  safe  navigational  chan¬ 
nel  makes  it  possible  to  maintain  the  Minneapolis  Centennial  Showboat  near  the 
University  of  Minnesota  and  downtown  Minneapolis. 
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4.  ANY  ADVERSE  ENVIRONMENTAL  EFFECTS  WHICH  COULD  NOT  BE  AVOIDED  AS 
THE  PROJECT  WAS  IMPLEMENTED 

Because  the  nine-foot  channel  project  resulted  in  deepening  of  an  existing 
slackwater  pool,  the  impacts  of  the  present  project  were  probably  fewer  than 
in  other  pools.  However,  the  effects  of  continuing  maintenance  dredging  may 
be  greater  by  virtue  of  the  limited  area  of  floodplain  and  shallow-water 
habitats  in  the  unique  gorge,  and  the  location  of  the  gorge  in  an  area  of  high 
recreational  demand. 

Pre-project  impoundment  lost  70  acres  of  islands;  the  nine-foot  channel 
project  eliminated  the  last  acre  of  island.  The  deepening  of  Pool  1  for  the 
nine-foot  channel  probably  moved  the  head  of  the  pool  upstream.  Thus,  some 
flowing-river  organisms  may  have  decreased  in  abundance. 

Increase  in  pool  elevation  also  inundated  some  of  the  terrestrial  habitat 
along  the  bluuf  slopes.  While  the  area  of  this  dry  land  was  probably  small 
compared  with  that  of  downstream  pools,  the  area  of  natural  terrestrial  habitat 
in  the  gorge  was  considerably  less.  Thus,  the  effect  of  this  flooding  may 
be  as  great  as  it  was  in  the  downstream  pools. 

The  large  amount  of  sediment  dredged  annually  per  mile  from  Pool  1 
suggests  that  the  effects  of  dredging  on  aquatic  ecosystems  may  be  more  in¬ 
tensive.  than  in  other  pools  in  the  area.  This  may  be  especially  true  because 
the  sediment  is  actually  drudged  twice  (see  Section  1) . 

Field  studies  of  clamshell  drudging  of  fine  sediment  show  that  turbidity 
is  considerably  increased  nearly  a  mile  downstream  from  a  Minnesota  River 
dredging  site.  In  Pool  1,  although  this  effect  may  not  be  as  extensive  because 
the  sediments  are  somewhat  coarser,  the  annual  volume  dredged  per  mile  is 
more  than  40  times  that  of  the  Minnesota  River.  This  turbidity  has  adverse 
effects  upon  fish  and  bottom  organisms.  Furthermore,  it  has  been  reported 
that  dredged  river  bottom  may  take  ten  or  more  years  before  the  clams  return. 
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Spoil  sites  take  a  similar  length  of  time,  depending  at  least  upon  soil 
moisture  which  is  a  function  of  the  height  of  the  spoil  pile.  Presently  there 
are  nearly  46  acres  of  spoil,  most  of  it  bare,  erodable  soil. 

Spoil  deposition  may  have  a  greater  effect  than  in  the  downstream  pools 
because  there  is  very  little  floodplain  in  Pool  1.  Large  spoil  banks  are 
accumulating  the  narrow  gorge,  hastening  its  filling.  These  spoil  banks 
vegetate  rather  slowly,  especially  because  of  reuse  of  the  sites,  making  them 
higher  and  drier.  This  results  in  further  smothering  of  the  benthos  and 
reducing  fish  habitat. 

At  present,  it  is  not  known  what  proportion  of  the  sediments  originate 
from  upstream,  and  what  erodes  from  the  spoil  banks  in  Pool  1.  As  the  spoil 
fills  in  the  gorge,  the  channel  narrows,  probably  becoming  a  representative 
of  the  channelization  occurring  downstream  and  in  St.  Anthony  Falls.  Because 
of  its  small  size  and  large  amount  of  sediment,  the  gorge  may  be  filled  in 
more  rapidly.  Thus,  the  probably  considerable  aesthetic  appeal  of  the  present 
gorge  will  be  reduced.  The  fishing  would  probably  decline,  as  would  the 
canoeing,  crew  rowing  and  sculling,  and  motor  boating. 

Although  it  may  be  questioned  whether  the  Washington  Avenue  Terminal  with 
its  unaesthetic  piles  of  coal  and  pavement  was  "avoidable"  or  not,  it  intrudes 
on  the  view  of  the  river  shared  by  thousands  of  persons  every  day  on  the 
Minneapolis  campus  of  the  University  of  Minnesota. 

Commercial  navigation  increases  the  turbidity  of  the  river  and  contributes 
to  bank  erosion.  At  the  same  time,  it  also  may  detract  from  the  aesthetic 
quality.  Discharges  and  spills  from  vessels  and  barge  terminals  would  also 
have  a  detrimental  effect,  par ti cula’ly  on  the  aquatic  environment,  li  wever, 
studies  are  needed  to  determine  the  nature  and  extent  of  adverse  effects  of 
these  effluents. 
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Other  aspects  of  the  nine-foot  channel  project  possibly  have  relatively 
minor  adverse  effects  upon  the  natural  environment  of  St.  Anthony  Falls. 
Discharge  from  lock  operations  and  turbulence  form  the  dam  spillway  may  cause 
some  increased  riverbed  and  bank  scour,  and  thus  downstream  turbidity  and 
sedimentation . 


r 
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5.  ALTERNATIVES  TO  THE  PRESENT  OPERATIONS  AND  MAINTENANCE  ACTIVITIES 
AND  FACILITIES 

Several  alternative  methods  of  operating  and  maintaining  the  facilities 
and  channel  are  possible.  The  large  amount  of  sediment  dredged  from  the  channel 
in  Pool  1  and  the  high  aesthetic  appeal  of  the  gorge  directs  attention 
particularly  to  the  alternatives  for  channel  maintenance. 

Channel  Maintenance 

The  first  consideration  should  be  the  problem  of  spoil  deposition  in 
Pool  1.  The  lack  of  room  to  continue  spoiling  in  the  gorge  means  one  or 
several  environmentally  less  sensitive  sites  located  elsewhere,  especially 
to  be  reused  where  it  will  not  find  its  way  quickly  back  to  Pool  1. 

Several  alternatives  exist  where  the  spoil  could  be  deposited  and 
available  for  reuse.  Within  Pool  1  and  with  slight  modification,  the  spoil 
could  be  accumulated  at  the  Minneapolis  municipal  terminal.  Another  possible 
site  is  the  downstream  edge  of  the  area  known  as  the  "University  Flats". 

Next  year,  when  the  University's  lease  of  the  flats  is  to  be  renewed,  the 
Park  Board  should  retain  several  acres  (which  may  have  been  an  old  spoil  site) 
for  spoil  deposition.  An  access  road  is  available.  This  spoil  site  could 
also  be  used  as  a  recreation  area,  for  picnicking  and  sightseeing.  Froper 
screening  with  native  vegetation  of  both  spoil  sites  would  reduce  adverse 
effects  upon  aesthetics. 

Probably  the  best  alternative  spoil  site  would  be  a  barge  terminal  already 
handling  sand  and  gravel.  This  site  would  have  the  necessary  equipment  to 
handle  barged  spoil  and  provide  ready  access  to  potential  markets. 

A  preliminary  study  by  the  Bureau  of  Sport  Fisheries  and  Wildlife,  and  a 
comparison  of  Pool  1  sand  with  commercially  available  sand  (Figure  62)  suggests 
that  a  potential  market  exists  for  Pool  1  spoil. 
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Figure  62.  Comparison  of  Sand  from  Several 
Spoil  Sites  with  Commercial  Sand 
(Gudmundson  and  Senechal,  1973) 

Secondly,  a  small  hydraulic  dredge  should  be  used,  which  would  reduce 
the  turbidity.  Water  running  off  from  the  newly  deposited  spoil  should  be 
held  in  a  ssttling  basin,  then  discharged  when  its  turbidity  matches  that  of 
the  river. 

Thirdly,  the  spoil  sites  which  are  present  could  become  aesthetically 
more  appealing  and  environmentally  less  damaging  if  efforts  were  made  to 
revegetate  the  spoil.  Keeping  contours  low  would  spread  revegetation  of  the 
spoil  because  the  roots  would  be  closer  to  the  water  level.  Alternatively, 
by  reducing  the  drying  of  the  sand  on  higher  spoil  piles  with  some  cover  such 
as  a  layer  of  wood  chips  or  irrigation  and  by  reseeding,  erosion  could  be 
reduced,  vegetation  increased,  thus  increasing  wildlife.  Riprapping  the  spoil 
slopes  exposed  to  the  current  with  large  blocks  also  would  retard  return  of 


this  sediment  to  the  river.  Floating  log  booms  anchored  parallel  to  the 
spoil  banks  would  reduce  displacement  of  the  riprapping  during  the  spring 
ice  breakup.  Fish  and  waterfowl  habitat  also  would  be  improved. 


Lock  Operation 

The  auxiliary  (riverward)  lock  should  be  placed  into  operation  as  soon 
as  possible  to  facilitate  passage  of  pleasure  craft,  which  otherwise  must  wait 
for  long  periods  of  time  for  commercial  traffic. 

Dam  Operation 

Dam  1  presently  is  an  overflow  dam:  water  passes  over  only  at  the  crest 
or  through  the  hydroelectric  plant.  Thus,  sediments  are  not  carried  downstrea 
during  high  water,  as  is  the  case  at  most  of  the  other  dams.  Dam  1  should  be 
modified  with  tainter  gates  so  that  the  discharge  of  Pool  1  could,  at  times, 
be  shifted  to  the  bottom  of  the  pool.  This  probably  would  reduce  the  heavy 
dredging  load  this  pool  requires.  This  sediment  might  then  accumulate  at  the 
St.  Paul  Barge  Terminal,  where  fish,  wilflife,  and  recreation  resources  would 
be  less  affected.  A  large  barge  terminal  is  located  nearby,  and  it  handles 
sand  and  gravel.  In  addition,  or  at  least  in  lieu  of  modifying  the  dam,  the 
lock  gates  could  be  modified  so  that  they  can  also  discharge  from  the  bottom  ■ 
of  the  pool  during  flood  water. 
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6.  THE  RELATIONSHIP  BETWEEN  LOCAL  SHORT-TERM  USES  OF  MAN'S  ENVIRONMENT 
AND  TH£  MAINTENANCE  AND  ENHANCEMENT  OF  LONG-TERM  PRODUCTIVITY 


Establishment  of  the  nine-foot  channel  in  Pool  1  brought  economic  and 
recreational  benefits  to  local  citizens,  and  probably  to  some  plants  and 
other  animals.  However,  the  facilities  and  operation  and  maintenance  activities 
have  resulted  in  the  alteration  of  a  relatively  rare  geomorphic  feature — a  river 
gorge — and  loss  of  some  of  its  productive  natural  habitat.  Also,  the  navigation 
channel  has  induced  the  conversion  of  other  natural  habitat  to  urban  development. 

SHORT-TERM  USES 

During  the  life  of  the  project,  the  growth  of  river  transportation  has 
and  will  benefit  segments  of  the  economy.  River-related  jobs  and  businesses 
may  help  forge  a  broader-based  economy  upon  which  to  develop  future  economic 
growth.  Recreation  and  its  economic  benefits  which  come  from  the  project 
may  have  a  wider  appeal  and  facilitate  more  use  of  the  gorge  than  the  open 
river  may  have. 

ENHANCEMENT  AND  MAINTENANCE  OF  LONG-TERM  PRODUCTIVITY 

Development  of  commercial  navigation  on  the  Mississippi  River  in  Pool  1 
may  have  benefitted  man's  long-term  economic  growth,  but  also  may  have  altered 
or  reduced  natural  productivity,  although  specific  information  is  lacking. 

The  navigation  channel  resulted  in  increased  water  depth,  dredging  of  the 
river  bottom  and  spoiling  on  the  banks,  and  construction  of  navigation 
facilities.  It  also  stimulated  development  of  commercial,  industrial  and 
residential  areas.  Natural  habitats  have  been  altered  by  the  changes  brought 
about  by  navigation,  such  as  reduced  riffle-communities,  decreased  shallow- 
water  communities,  and  decreased  pollution-sensitive  organisms. 


I 
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As  sedimentation  and  dredge  spoiling  continue  over  a  long  period  of 
time,  the  inundated  portion  of  the  gorge  will  be  buried  and  the  pool  reduced 
to  a  narrow  channel.  Thus,  some  aesthetic  and  recreational  benefits  have 
been  and  will  continue  to  be  lost.  This  loss  may  be  partially  offset  by  the 
creation  of  additional  terrestrial  habitat  which  possibly  could  provide  a  larger 
refuge  for  wildlife — and,  in  fact,  for  human  beings — and  greater  accessibility 
to  the  remaining  gorge. 

Terrestrial  habitat  has  been  lost  also  as  a  result  of  construction  of 
the  locks  and  dam  and  the  barge  terminals.  These  terminals  probably  encouraged 
construction  along  the  river  of  other  facilities  not  directly  connected  with 
navigation.  The  increased  run-off  from  developed  areas  such  as  these  and 
from  other  bare-soil  areas  increases  erosion  and  further  decreases  biotic 
productivity  in  Pool  1. 

Creation  and  maintenance  of  the  channel  probably  has  disturbed  the 
natural  river  habitats  on  and  near  the  channel  sufficiently  to  reduce  biotic 
productivity.  A  single  dredging  or  spoiling  of  a  site  requires  ten  or  more 
years  to  be  repopulated.  Continued  disturbance  possibly  may  alter  the 
physical  environment  to  sufficiently  extend  this  time. 

Alternative  land-use  and  maintenance  practices  could  conceivably  shorten 
the  time  necessary  for  repopulation  of  a  site  and  may  begin  a  return  of  the 
biotic  productivity.  Set-back  of  the  businesses  and  terminals,  except  for 
the  actual  loading-unloading  facilities,  and  a  central  spoil  disposal  site 
could  result  in  a  green  along  both  banks.  These  and  other  erosion  and  sedimenta¬ 
tion  control  measures  probably  could  significantly  reduce  the  adverse  effects 
of  the  nine-foot  navigation  project  and  related  activities  on  the  enhancement 
and  maintenance  of  the  long-term  productivity  in  Pool  1, 


Table  46-  First-Order  Benefits  and  Costs  to  Socioeconomic 
Activities  of  Maintaining  the  Nine-foot  Channel 
in  Pool  1 
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Table  46.  First-Order  Benefits  and  Costs  to  Socioeconomic 
Activities  of  Maintaining  the  Nine-Foot  Channel 
in  Pool  1  (Continued) 
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Resource  Implications  for  Socioeconomic  Activities 

The  major  resource  implications  of  continuing  to  operate  and  maintain  the 
nine-foot  channel  in  the  St.  Paul  District  are  summarized  in  Table  46.  Resource 
implications;  i.e.}  the  costs  and  benefits  of  the  project,  for  the  industrial, 
recreational  and  cultural  components  of  the  socioeconomic  system  are  discussed 
in  sequence  below. 

Corps'  Operations 

The  major  first-order  direct  benefits  associated  with  lock  and  dam  opera¬ 
tion  and  dredging  operations  are  identified  in  Table  46.  These  include  employ¬ 
ment  in  lock  and  dam  and  dredging  operations,  maintenance  of  relatively  stable 
water  levels  in  each  pool,  and  the  presence  of  a  navigable  nine-foot  channel 
in  the  St.  Paul  District.  About  150  people  are  involved  with  lock  and  dam 
operations  in  the  district  and  about  75  with  dredging  operations;  thus,  about 
225  people  derive  jobs  and  income  directly  from  the  Corps'  operations.  The 
annual  direct  cost  to  taxpayers  for  lock  and  dam  operations  is  $2,601,000 
(FY  1970),  and  for  dredging  operations  is  $1,200,000.  Specific  environmental 
costs  of  the  stable  water  levels  and  the  nine-foot  channel  in  Pool  1  are  an 
increase  in  sedimentation  behind  the  dam  and  a  reduction  in  fish  and  waterfowl 
habitat  caused  by  improper  dredge  spoil  placement.  Implications  of  these 
costs  are  discussed  later  in  the  recreation  section. 

Industrial  Activities 


As  summarized  in  Table  46,  the  major  direct  impacts  of  the  Corps'  opera¬ 
tions  on  industrial  activities  are  barge  operations  and  commercial  dock 
operations.  Table  46  notes  that  there  arc  employment  implications  for  each 
activity,  but  the  benefits  must  be  balanced  against  accompanying  increases  in 
sedimentation,  turbidity,  and  possibly  other  pollution  in  the  river. 


-175- 


Of  special  importance  in  the  current  energy  crisis  are  the  answers  to 
two  questions  that  relate  to  barge  transportation:  How  efficient  is  barge 
transportation  compared  with  other  modes  of  transportation  with  respect  to: 

1.  Energy  use? 

2.  Air  pollution? 

Because  the  answers  have  major  resource  allocation  implications  for  the  Upper 
Mississippi  River,  these  two  questions  are  analyzed  below  in  some  detail.  In 
addition,  savings  in  transportation  costs  caused  by  barge  movements  are 
discussed. 

Barge  Transportation  and  Energy  Use.  Efficient  energy  use  is  particularly 
important  because  of  the  present  (and  probably  continuing)  energy  crisis. 
Efficiency  also  affects  levels  of  air  pollution. 

At  present,  transportation  uses  about  25  percent  of  the  total  United 
States  energy  budget  for  motive  power  alone.  This  use  has  been  increasing 
at  an  average  annual  rate  of  about  four  percent  per  year. 


In  comparing  the  efficiency  of  energy  use  between  various  transportation 
modes  the  term  "energy  intensiveness"  is  commonly  used.  Energy  intensiveness 
is  defined  as  the  amount  of  energy  (in  BTU's)  consumed  when  one  ton  of  freight 
is  carried  one  mile  (one  ton-mile).  The  following  table  compares  the  energy 
intensiveness  of  various  modes  of  freight  transportation  (Mooz,  1973): 


Transportation  Energy  Intensiveness 

Mode _ (BTU's/  ton-mi  le) _ Ratios  of  E.I. 


Waterways 

Rail 

Pipeline 

Truck 
Air  cargo 


500 

750 

1,850 

2,400 

63,000 


1 


1.5 


3.7 


4.8 


I 

I 


126. 
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It  is  apparent,  from  the  above  table  that  waterways  are  more  efficient  than 
any  other  mode  of  freight  transportation.  Therefore,  under  conditions  of 
restricted  availability  of  petroleum,  the  use  of  barges  wherever  feasible 
should  be  encouraged.  Indeed,  increased  commercial  use  of  the  Upper  Mississippi 
River  and  its  tributaries  is  likely.  This  will  be  further  influenced  by 
increased  shipments  of  grain  out  of  the  St.  Paul  District  and  increased  imports 
of  coal  and  petroleum  products  into  the  region.  Exports  of  grain  to  other 
countries  and  shipments  to  other  parts  of  the  United  States  are  expected  to 
increase.  ENergy  demands  in  the  Upper  Midwest  are  also  expected  to  rise. 

In  addition,  companies  whose  freight  is  now  only  infrequently  involved  in 
barging  may  shift  from  other  forms  of  transportation  to  the  less  energy- 
intensive  waterways.  This  shift  may  also  be  expected  to  change  existing 
concepts  of  the  kinds  of  freight  suitable  for  barging  with  consequent  impact 
on  storage  facilities.  In  many  cases,  economic  trade-offs  may  exist  between 
the  mode  of  transportation  and  the  size  of  inventories  considered  to  be  suitable. 
If  the  energy  costs  rise  sufficiently,  more  capital  will  be  needed  because  of 
the  slowerrmoving  barge  transportation  and  larger  inventories  and  storage 
space.  If  this  occurs,  other  kinds  of  cargoes  presently  shipped  by  rail  or 
truck  or  pipeline  may  be  diverted  to  barge. 

In  addition  to  energy  conservation,  the  importance  of  the  Upper  Mississippi 
River  as  a  transportation  artery  is  shown  by  the  burden  which  would  be  placed 
on  the  rail  system  (as  the  major  alternative  transportation  mode  used  to  move 
heavy,  high-bulk  commodities)  in  the  absence  of  barge  traffic  on  the  river. 

In  1972  an  estimated  16,361,174  tons  of  various  commodities  were  received  and 
shipped  from  the  St.  Paul  District.  Under  the  simplifying  assumption  that  thc- 
average  box  or  hopper  car  carries  50  tons,  this  amounts  to  the  equivalent  of 
327,223  railroad  cars,  or  some  3272  trains  of  100  cars  each,  or  approximately 
nine  trains  each  day  of  the  year. 

Barge  Transportation  and  Air  Pollution.  Barge  transportation  also  results 
in  less  air  pollution  per  ton-mile  than  either  rail  or  truck  modes.  Diesel 
engines  are  the  most  common  power  plants  used  by  both  tugboats  and  railroads. 


AD-AllO  1M  NORTH  STAR  RESEARCH  INST  MINNEAPOLIS  MN  ENVIRONMENTAL— ETC  F/B  13/2 

ENVIRONMENTAL  IMPACT  STUOY  OF  THE  NORTHERN  SECTION  OF  THE  UPPER— ETC  <U1 
NOV  73  R  F  COLXNOSMORTH'  B  J  ftUOMUNOSON  DACV37-73-C-OOM 
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A  large  percentage  of  long-haul  trucks  use  diesel  engines  as  well.  The  diesel 
engine  is  slightly  more  efficient  than  the  gasoline  engine  because  of  its 
higher  compression  ratio.  Thus,  less  energy  is  used  to  move  one  ton  of  freight 
over  onemile  by  diesel  than  by  gasoline  engines.  Among  users  of  diesel  engines, 
barging  is  more  efficient  than  either  rail  or  truck,  as  we  have  seen. 
Consequently,  a  smaller  amount  of  fuel  is  required  to  move  freight.  With  less 
fuel  used,  air  pollution  is  reduced. 

The  concentration  of  air  pollutants  emitted  from  combustion  of  diesel 
fuel  versus  gasoline  varies  substantially.  The  following  table  illustrates 
these  different  concentrations  (U.S.P.H.S.,  1968): 


Emission  Factor 


Type  of  Emission 

Pounds/ 1000 
gallons  diesel  fuel 

Pounds /1000 
gallons  gasoline 

Aldehydes  (R-CHO) 

10 

4 

Carbon  monoxide  (CO) 

60 

2300 

Hydrocarbons  (CxHy) 

136 

200 

Oxides  of  Nitrogen  (NT^) 

222 

113 

Oxides  of  Sulfur  (SO^) 

40 

9 

Organic  Acids  (acetic) 

31 

4 

Particulates 

110 

12 

Based  upon  the  energy  intensiveness  ratios  shown  earlier,  a  diesel  train 
will  produce  1.5  times  as  much  air  pollution  and  a  diesel  truck,  4.8  times  as 
much  air  pollution  per  ton-mile  as  a  tug  and  barges.  In  any  event,  no  matter 
which  kind  of  pollutant  is  of  concern  in  a  particular  case,  the  efficiency  of 
barging  compared  with  other  modes  of  freight  transportation  will  result  in 
reduced  air  emissions  per  ton-mile. 

Barge  Transportation  and  Cost  Savings.  A  further  benefit  which  can  be 
attributed  to  the  maintenance  of  navigation  on  the  Upper  Mississippi  is  in  the 
savings  in  transportation  costs,  particularly  for  bulk  commodities.  Estimates 


of  these  savings  have  been  made.  One  of  these  estimates  the  savings  over  the 
other  various  least-cost  alternatives  of  between  4.0  and  5.4  mills  per  ton- 
mile  (UMRCBS ,  1970).  It  is  generally  recognized  that  bulk  commodities, 
particularly  those  having  low  value-to-weight  ratios,  are  appropriate  for  barge 
transport.  Coal,  petroleum,  and  grain  that  have  these  characteristics  are 
examples  of  such  commodities  that  originate,  terminate,  or  move  through. the 
St.  Paul  District  pools  on  river  barges. 

Recreational  Activities 

Table  46  identifies  the  variety  of  recreational  activities — from  boating 
and  sport  fishing  to  sightseeing  and  camping — that  may  be  helped  or  hindered 
by  Corps'  operations.  Ideally,  it  would  be  desirable  to  place  dollar  values 
on  each  of  the  benefits  and  costs  to  the  recreational  activities  cited  in 
Table  46  to  weigh  against  the  benefits  of  barge  transportation  made  possible 
by  maintaining  the  nine-foot  channel.  Unfortunately,  both  conceptual  problems 
and  lack  of  precise  data  preclude  such  an  analysis.  The  nature  of  these 
limitations  can  be  understood  by  (1)  looking  initially  at  a  theoretical  approach 
for  measuring  the  benefits  and  costs  of  recreational  activities,  and  (2)  apply¬ 
ing  some  of  these  ideas  to  the  measurement  of  only  one  aspect  of  all  recrea¬ 
tional  activities — sport  fishing. 

Benefits  and  Costs  of  Recreational  Activities.  Theoretical  fram  works 
exist  to  perform  a  benefit-cost  analysis  of  a  recreation  or  tourism  activity. 

One  example  is  a  study  prepared  for  the  U.S.  Economic  Development  Administra¬ 
tion  (Arthur  D.  Little,  Inc. ,  1967).  Unfortunately,  even  this  example  closes 
with  a  "hypothetical  benefit-cost  analysis  of  an  imaginary  recreation/tourism 
project"  that  completely  neglects  the  difficulty  of  collecting  the  appropriate 
data. 

Applying  even  this  theoretical  framework  to  the  nine-foot  channel  project 
presents  both  conceptual  and  data  collection  problems.  For  example,  continuing 
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to  operate  and  maintain  the  nine-foot  channel  may  hurt  sport  fishing  because 
of  the  reduction  in  fish  habitat.  This  means  that  the  total  value  of  sport 
fishing  in  the  river  should  not  be  considered  in  the  analysis.  Rather,  only 
the  incremental  increase  or  decrease  in  sport  fishing  attributable  to  present 
Corps'  operations  (not  caused  by  the  initial  lock  and  dam  construction)  should 
be  weighed  against  those  operations;  no  estimates  are  presently  available  to 
assess  the  effect  of  current  Corps'  operations  on  fish  and  wildlife.  Also, 
reduced  fishing  and  waterfowl  habitat  may  become  an  increased  terrestrial 
habitat.  What  the  fisherman  loses  the  hunter,  trapper,  or  birdwatcher 
may  gain. 

This  raises  a  second  difficulty:  How  does  one  measure  the  total  value  of 
sport  fishing  on  the  river  in  order  to  start  to  measure  the  incremental  portion 
attributable  to  Corps'  operations?  For  sport  fishing,  various  measures  have 
been  identified,  each  having  its  ora  drawbacks  (Clawson  and  Knetsch,  1966): 
gross  expenditures  by  the  fishermen,  market  value  of  fish  caught,  cost  of 
providing  the  fishing  opportunity,  the  market  value  as  determined  by  comparable 
privately  owned  recreation  areas,  and  the  direct  inverview  method — asking 
fishermen  what  hypotetical  price  they  would  be  willing  to  pay  if  they  were 
to  be  charged  a  fee  to  fish. 

If  some  average  price  per  fisherman  or  trip  were  available,  it  still  would 
be  possible  to  assess  the  total  value  of  sport  fishing  in  the  study  area  only 
if  estimates  of  the  number  of  sport  fishermen  or  number  of  sport  fishing  trips 
were  avilable.  In  the  St.  Paul  District  these  estimates  are  available  through 
sport  fishery  surveys  for  only  three  pools:  Pool  4,  Pool  5,  and  Pool  7.  The 
most  recent  data  available  for  these  pools  are  for  the  1967-68  year  (Wright, 
1970);  comparable  data  for  1972-73  have  been  collected,  but  are  not  expected 
to  be  published  in  report  form  until  about  December  1973. 

Valuing  Sport  Fishing  in  the  Study  Area.  A  variety  of  studies  have  been 
done  on  recreation  and  tourism  in  Minnesota  and  the  Upper  Midwest  during  the 
past  decade  (North  Star  Research  Institute,  1966;  Midwest  Research  Institute, 
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1968;  Pennington,  et  al. ,  1969).  For  purposes  of  analyzing  sport  fishing  and 
other  recreational  activities  on  the  Upper  Mississippi  River,  however,  they 
have  a  serious  disadvantage;  these  studies  are  generally  limited  to 
recreationers  who  have  at  least  one  overnight  stay  away  from  home.  In  the 
case  of  the  St.  Paul  District,  with  the  exception  of  campers  and  boaters  on 
large  pleasure  craft  with  bunks,  virtually  all  river  users  are  not  away  from 
home  overnight  and  are  omitted  from  such  studies. 

Information  is  then  generally  restricted  to  that  available  in  the  UMRCC 
sport  fishing  studies  such  as  those  shown  below  for  1967-68  (Wright,  1970): 


Pool  Number 

Total  Number  of 
Fishing  Trips 

Value  at  $5.00 
per  Trip* 

Value  at  $1.50 
per  Trip** 

4 

169,361 

$846,805 

$254,042 

5 

51,786 

258,930 

77,699 

7 

63,238 

318,190 

94,857 

*Based  on  data  reported  in  the  "1965  National  Survey  of  Fishing  and  Hunting" 
that  the  average  daily  expenditure  for  freshwater  sport  fishing  was  $4.98 
per  day. 

**Based  on  data  in  Supplement  No.  1  (1964)  to  Senate  Document  97  that  provides 
a  range  of  unit  values  of  $0.50  to  $1.50  a  recreation  day  for  evaluating 
freshwater  fishing  aspects  of  water  resource  projects. 

Thus,  the  sum  of  the  values  of  sport  fishing  given  above  for  these  three  pools 
varies  from  about  $0.4  million  to  $1.4  million  depending  upon  the  valuation  of 
a  fishing  trip.  Assuming  one  of  these  values  were  usable,  the  researcher  is 
still  left  with  the  task  of  determining  the  portion  (either  as  a  benefit  or 
cost)  of  Corps'  operations.  With  the  limited  funds  available  for  the  present 
research  and  the  limited  existing  data,  detailed  analysis  is  beyond  the  scope 
of  the  present  study. 

Similar  problems  are  present  in  evaluating  the  other  recreational 
activities  in  the  study  area. 
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Cultural  Sites 

No  attempt  has  been  made  in  the  present  study  to  place  dollar  values  on 
archaeological,  historical,  or  cultural  sites  damaged  or  enhanced  by  Corps' 
operations.  Rather,  such  sites  have  merely  been  identified,  where  existing 
data  permit. 
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7.  ANY  IRREVERSIBLE  AND  IRRETRIEVABLE  COMMITMENTS  OF  RESOURCES  WHICH  HAVE 
BEEN  INVOLVED  IN  THE  PROJECT  SINCE  IT  WAS  IMPLEMENTED 

The^onstruction  of  navigation  facilities  and  continuing  channel  maintenance 
in  Pool  1  required  the  irretrievable  commitment  of  human  and  natural  resources. 
Fossil  fuel,  labor,  concrete,  steel,  lumber,  and  equipment  resources  were 
committed  to  the  construction  of  Lock  and  Dam  1  and  its  appurtenant  structures. 
There  is  a  continuing  commitment  of  labor,  electric  power  and  equipment  resources 
to  the  annual  operation  and  maintenance  of  these  structures. 

The  annual  maintenance  dredging  of  the  nine-foot  channel  in  Pool  1  also 
consumes  fossil  fuel  and  labor  as  well  as  the  commitment  of  wear  and  tear  on 
vessels  and  equipment. 

Some  natural  resources  were  and  continue  to  be  irreversibly  committed  to 
the  nine-foot  channel  project  as  well.  The  greatest  commitment  is  that  part 
of  the  gorge  which  is  now  filled  with  water  and  sediment.  More  natural 
resources  are  committed  as  spoil  is  deposited  along  the  channel.  Only  a 
return  to  the  open,  flowing  river  may  allow  erosion  to  broaden  the  gorge 
somewhat . 

The  sites  on  which  Locks  and  Dam  1  were  constructed  removed  natural 
river  bottom  and  riverbank  habitat.  Further,  riverbank  as  well  as  bluff  top 
habitat  was  converted  to  barge  terminals  and  storage  facilities  which  are 
dependent  upon  the  nine-foot  channel. 

The  free-flowing  river  and  numerous  islands  flooded  when  the  dam  was 
constructed  for  the  six-foot  channel,  might  return  if  the  dam  were  opened 
(breached).  However,  channelization  of  the  Mississippi  may  have  reduced 
the  assemblage  of  species  characteristic  of  large  free-flowing  rivers  to 
make  their  comeback  unlikely. 
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Spoiling  of  dredged  material  is  decreasing  river  bottom  habitat  and 
altering  terrestrial  habitat  as  well.  Habitat  reduction  has  decreased  popula¬ 
tions  of  some  game  fish,  ducks  and  mannals  in  Pool  2  and  perhaps  in  Pool  1 
also.  Spoiling  in  Pool  1  is  also  decreasing  the  size  of  the  pool  in  the  gorge, 
thus  reducing  the  area  available  for  riverborne  recreation. 
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8.  RECOMMENDATIONS 

Certain  studies  should  be  conducted  to  determine  specific  adverse  effects 
and  alternative  methods  of  operation  and  maintenance  of  the  nine-foot  channel. 

FOR  LONG-TERM  BENEFITS  TO  NATURAL  AND  CULTURAL  SYSTEMS 

1.  Investigate  thoroughly  the  physical,  chemical  and  biological 
(bacteriological)  properties  of  spoil  from  each  currently  active 
dredging  site  in  the  pool  in  order  to  assess  its  value  for  reuse 
and  more  precisely  analyze  its  limitations. 

2.  Pursue  study  of  market  potential  and  reuse  of  spoil  as  suggested 
by  BSFW  study  (1973) ,  using  detailed  analyses  above.  This  is  the 
only  long-range  solution  to  the  detrimental  impacts  of  spoiling. 

It  may  also  reduce  the  need  for  dredging. 

3.  Investigate  in  detail  damage  presently  occurring  to  natural  systems 
in  the  pool  as  a  result  of  spoil  deposition-erosion. 

4.  Study  effects  of  turbidity  on  aquatic  organisms  and  waterfowl, 
especially  in  the  lower  reach  with  fine  sediments. 

5.  Determine  the  best  method  of  barging  spoil  to  central  terminal  and 
rapid  method  of  unloading  to  eliminate  impact  on  sensitive  natural 
habitats  of  value.  If  the  effort  to  find  commercial  and  private 
uses  for  the  dredged  sediment  should  fail,  alternative  spoil  sites 
should  be  located  in  Pool  2  or  St.  Anthony  Falls  Upper  Pool. 

However,  it  should  be  recognized  that  these  are  only  short-term 
solutions  to  a  constant  long-term  problem. 

6.  Study  the  sources  of  sediment  to  Pool  2  in  order  to  locate  and 
eliminate  (or  at  least  reduce)  primary  sources. 

7.  Study  to  determine  better  methods  and/or  equipment  to  dispose  of 
spoil,  such  as  at  a  central  redistribution  terminal  fo  sale  or 
reuse  out  of  the  floodplain. 
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8.  More  detailed  surveys  should  be  made  of  the  populations  of  fish  and 
benthic  organisms  in  Pool  1.  An  assessment  should  be  included  of 
the  degree  of  sensitivity  of  natural  systems  in  Pool  1  to  dredging 
and  spoiling  operations.  Corollary  studies  should  be  made  on  the 
enhancement  of  existing  spoil  sites  for  aquatic  organisms  and 
waterfowl. 

9.  Improve  design  of  the  Dredge  Thompson  cutterhead  to  reduce  turbidity 
during  dredging  operations. 

10.  Experiments  should  be  conducted  to  determine  the  best  method  of  re¬ 
ducing  erosion  of  spoil  sites,  including  revegetation  and  riprapping 
or  diking.  Such  studies  should  consider  enhancement  of  the  spoil 
sites  to  accomodate  the  probable  future  increase  in  recreation  in 
the  gorge  caused  by  the  development  of  the  high-density  Cedar- 
Riverside  community.  The  Corps  of  Engineers  probably  could  thereby 
make  a  considerable  contribution  toward  realizing  the  recreation 
potential  in  this  pool.  Revegetation  in  the  manner  shown  in 
Figure  63  would  help  retard  wind  and  water  erosion. 

Improve  arrangement  of  varigation  charts.  Rearrange  them  to  begin 
^  with  the  head  of  navigation  so  they  can  be  read  in  even  sequence 
from  one  river  mile  to  the  next  in  either  downstream  or  upstream 
direction. 


Figure  63.  Recommended  Alternative  Method  of 


Revegetating  Spoil  Sites.  The  screens 
of  natural  vegetation  are  prependicular 
to  the  current  (Colingsworth  and  Gudmundson) 
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12.  On  the  lock  guidewall,  orient  signs  perpendicular  to  the  course  of 
navigation  so  that  directions  for  small  boaters  can  be  read  as  the 
boat  approaches  the  guidewall  within  the  navigation  channel. 

13.  Investigate  ways  to  operate  with  a  narrower  channel  such  as 
legislation  requiring  river  pilots  to  be  properly  trained  and  duly 
licensed,  and  embedding  a  sonar  guidance  device  on  difficult  curves. 

14.  Formulate  plan  and  implement  to  eventually  remove  all  facilities 
and  structures  from  floodplain,  except  those  that  can  withstand 
flooding  with  no  protection,  so  that  natural  system  may  return  to 
enhance  the  riverscape  and  all  urban  structures  are  out  of  danger. 

15.  Study  of  fish,  clam,  etc. ,  migration  and  devise  ways  to  enhance  it 
at  Lock  and  Dam  1. 

16.  Conduct  a  survey  of  future  land  use  needs  and  potential  of  this 
reach  of  Mississippi  Valley  similar  to  that  being  done  for  the 
St.  Croix  Valley. 

17.  Develop  and  implement  plan  to  use  natural  vegetation  to  space 
terminals  between  natural  areas  and  reduce  to  a  minimum  the  terminal 
facilities.  Encourage  structures  and  stockpiles  be  located  outside 
the  floodplain  or  at  least  at  highest  levels  of  the  floodplain. 

18.  Study  measures  to  revegetate  levees,  which  are  biological  deserts 
which  block  access  to  the  river  and  are  aesthetically  displeasing. 

19.  Paint  the  barges  in  more  attractive  colors.  This  would  make  them 
more  easily  seen  at  twilight  and  improve  aesthetics  compared  with 
the  present  rusty  brown. 

20.  Repair  auxilliary  lock  for  use  by  pleasure  boats,  especially  because 
this  traffic  is  likely  to  increase  as  water  quality  improves  in 
Pool  1  and  as  the  St.  Anthony  Falls  area  is  redeveloped  (see 
Minneapolis  Plan,  and  Developmt.,  1972). 
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9.  APPENDIX  A:  NATURAL  SYSTEMS 
I.  METHODS  OF  DATA  COLLECTION 

Methods  for  Collecting  Samples 


Biological  Measurements 

Benthic  organisms  were  sampled  using  a  Petersen  (rarely,  Ekman)  dredge. 
Vegetation  cover,  in  acres,  was  determined  by  planimetry  from  aerial  photos, 
with  subsidiary  ground  investigations  to  identify  species,  and  to  determine 
abundance,  age  and  growth  rate.  Both  quadrat  (percent  cover  of  herbs,  etc. 
in  one  square  meter)  and  point  quarter  methods  (for  trees)  were  employed. 

POINT  QUARTER 
percent  frequency 
of  tree  species 
reported 

Measurement  of  Physico-chemical  Parameters 

Temperature  was  measured  by  a  thermister  and  a  Precision  Scientific 
Instruments  meter,  standardized  to  a  precision  mercury  thermometer 
(APHA  et  al. ,  1971) . 

Dissolved  oxygen  was  measured  using  a  galvanic  cell-type  probe  and  a 
.Precision  Scientific  Instruments  meter,  standardized  to  the  Winkler 
titr«ririon,  azide  modification  (APHA  et  al. ,  1971). 

Turbidity . was  measured  by  nephelometry  using  a  Horizon  Ecology,  Inc. 
nephelometer  Model  104  (APHA  et^  al . ,  1971). 

Water  depth  was  measured  with  sonar  using  a  Heathkit  Electronics 
Company  Model  Ml-101-2 ■ 

Slope  angle  was  measured  using  an  instrument  made  at  North  Star  Research. 
Light  penetration  (transparency)  was  determined  by  suspending  a  20  cm. 
Secchi  disc  with  a  marked  cord  (Golterman,  1970)  in  the  water. 


QUADRAT 
percent  cover 
of  each  species 
reported 
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II.  MAP  OF  POOL  1  AND  TRANSECT  LOCATION 

The  map  of  Pool  1  (See  Figure  1}  shows  the  location  of  sampling  stations 
along  "standard"  and  "special"  transects.  Standard  transects  are  surveyed 
lines  which  cross  the  river  at  a  right  angle  in  each  pool  and  are  chosen  to 
sample  its  broad  environmental  diversity.  They  extend  from  bluff  to  bluff 
and  include  bluff  slope,  river  banks,  marsh,  open  river  and  river  bottom. 
However,  on  long  transects  most  of  the  sampling  effort  will  be  concentrated 
on  the  smaller  area  between  the  railroad  tracks  on  each  side  of  the  river. 
Standard  transect  AA  is  located  about  1/4  mile  downstream  from  the  upper  dam, 
the  area  most  river-like  and  perhaps  least  modified  by  impoundment;  transect 
BB  is  located  near  mid-pool  (See  Figure  2)  close  to  the  primary  control  point, 
often  the  marsh  zone;  and  transect  CC  is  located  1/4  mile  upstream  from  the 
lower  dam  in  the  deeper,  lake-like  region. 

Similarly,  special  transects  (XX, YY)  were  used  to  study  features  of 
particular  interest,  such  as  the  mouths  of  major  tributaries,  previously 
studied  sites,  and  spoil  sites.  The  azimuth  (compass  direction,  using  N  as 
0  and  E  as  9Q  degrees)  and  other  pertinent  data  is  given  in  Table  1. 

Sampling  stations  were  located  along  these  transects,  and  clustered 
mainly  in  areas  of  transition  between  types  of  habitat  such  as  shallow  stump 
field  to  deeper  river  channel  and  forest  to  bare  sandy  soil. 

In  order  to  gather  more  detailed  information  within  some  habitats,  "secon¬ 
dary"  transects  were  located  perpendicular  to  the  standard  or  special  tran¬ 
sects.  Sampling  stations  were  located  ramdomly  along  these  secondary 
transects. 


Sampling  Frequency 

Field  data  to  corroborate  and  expand  the  aerial  survey  of  the  terrestrial 
vegetation  was  completed  in  October. 


Note  that  the  figure  also  lists  the  various  environmental 
features  that  may  be  found  at  various  places  along  the 
transect. 

Source:  ESD  -  North  Star  — Gudmundson,  1972 
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Table  1.  Description  of  Transects. 


Pool; 

Pool 

Lenxth 

Transect  Designation 

River 

Mile  Above 
Cairo ,  IL 

A2imuth 

Transect 
Length 
in  Miles 

Azimuth  target.  Location 

USAF 

Standard  Transect  UAA 

858.9 

86“ 

.15 

SW  corner  of  Minneapolis  Water  Works  Bldg. 

3.6 

Standard  Transect  UBB 

855.7 

278“ 

.13 

Line  up  downstream  legs  of  tower  for  high  volt¬ 
age  line. 

LSAF 

0.6 

Standard  Transect  UCC 

854.4 

52“ 

.31 

Line  up  with  D/S  face  of  old  limestone  apt.  bldg. 

Standard  Transect  i-BB 

853.4 

175* 

.15 

Mooring  cell  ladder  on  R/B  nearest  lower  L/D. 

Pool  1 

Standard  Transect  1AA 

853.1 

28“ 

.15 

Center  of  high-rise  apt.  bldg,  on  R/B. 

5.7 

Special  Transect  1XX 

851.1 

39“ 

.21 

Gov't,  daymark  Mile  851.1;  on  spoil  on  L/B 

Standard  Transect  IBB 

850.6 

46* 

.15 

Vertical  seam  on  Platteville  L.S.  on  left  bluff 

Special  Transect  1YY 

849.4 

99“ 

Oval  pipe  opposite;  on  R/B  spoil  downstream  from 
Lake  St.  Bridge.  Mid-stream  azimuth  35*  to  WM1N 
radio  tower,  L/B. 

Standard  Transect  ICC 

848.0 

86* 

.20 

Line  up  downstream  face  of  high-rise  apt.  tower  on 
L/B  (720  River  Terrace). 

Pool  2 
32.4 

Standard  Transect  2AA 

847.4 

263“ 

.15 

Chimney  on  north  wing  (with  white .round  porch  of 

MN  Soldiers'  Home  Bldg. 

Standard  Transect  2BB 

831.7 

264” 

1.10 

Gov't.  (USCG)  daymark  Mile  831.7  R/B 

Special  Transect  2YY 

821. 3. R 

54* 

1.10 

Tall  smokestack  right  of  L/B  water  tower; 
transect  runs  from  mid-channel  to  R/B,  sampled  by 
Hokanson  in  1964. 

Standard  Transect  2CC 

815.5 

52* 

1.00 

Tip  of  peninsula  which  extends  0.35  mi.  upstream 

4D  #2. 

Special  Study  Area 

833. 2, R 

54* 

— 

Mi.  833.1  Gov't  daymark,  22?-yr-old  R/B  spoil  site 

Special  Study  Area 

832. 0,L 

256” 

— 

Tower  for  high  voltage  line  on  R/B,  8?-yr-old 
spoil  site  4B. 

Special  Study  Area 

827. 7,  R 

85” 

— 

Gov't  daymark  Mi.  827.7,  2?-yr-old  spoil  site 

Minn.  R. 

Standard  Transect  MAA 

M24.8 

347“ 

1.00 

Second  bend  above  Shakopee  (US  169)  Bridge 

26.4 

Standard  Transect  MBB 

M13.0 

335” 

1.05 

Gov't,  daymark.  Mile  12.5 

Standard  Transect  MCC 

M3. 0 

128” 

.90 

Gov't,  daymark.  Mile  2.9 

St. 

Standard  Transect  SAA 

SC24.8 

305” 

.50 

White  bldg. ,  right  bank. 

Croix 

River 

Special  Transect  SXX 

SC16.6 

85” 

.50 

Upstream  edge  of  bldg,  at  Lakefront  Park. 

25.0 

Standard  Transect  SBB 

SC12.3 

111’ 

1.05 

Road  coming  down  bluff  to  beach. 

Special  Transect  S'YV 

SC  6.4 

291’ 

.38 

Shallow  dip  in  tree  line  on  right  bank 

Standard  Transect  SCC 

SC  0.7 

85’ 

.90 

Fence  marking  upstream  boundary  of  public  beach  on 

left  bank. 
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Benthic  samples  were  collected  in  April,  and  May  and  again  in  August 
and  September.  Water  quality  data  was  collected  in  September  and  early  No¬ 
vember. 

III.  SUMMARY  OF  DATA  COLLECTION  POINTS  AND  TIMES 

Benthic  (bottom)  grab  samples  were  taken  on  all  standard  and  special 
transects  during  the  months  of  April  and  May  and  in  August.  Sediments  were 
washed  out  using  a  707  standard  mesh  screen,  and  organisms  preserved.  Iden¬ 
tifications  were  made  by  Mr.  Daniel  Maschwitz,  graduate  student  in  the  Depart¬ 
ment  of  Entomology,  Fisheries  and  Wildlife,  University  of  Minnesota. 

The  width  of  vegetation  zones  intersected  by  the  transects  was  measured 
and  one  meter  square  quadrats  and/or  point  quarter  stations  were  used  to  de¬ 
termine  the  abundance  of  plant  species.  Plant  species  identifications  were 
made  in  the  field,  and  checked  by  Dr.  Gerald  Ownby,  Curator  of  the  Herbarium, 
Department  of  Botany,  University  of  Minnesota. 

Field  data  and  pertinent  data  from  the  literature  are  presented  on  data 
sheets  in  Appendix  A, IV. 

IV.  DATA  SHEETS 


Table  1.  Abundance  of  Plants  Found  in  the  River  Valleys. 

Table  2.  Vegetation  of  Floodplain  and  Bluff  Habitats  (Cooper,  1947). 

Table  3.  Vegetation  of  Spring  Lake  Area  (Leisman,  1959). 

Table  4.  Birds  of  the  Minneapolis-St.  Paul  Area  (Dodge,  et  al. ,  1971). 

Table  5.  Water  Quality  of  the  Mississippi  River  Measured  at  Intake  of 
the  Minneapolis  Water  Works  in  Fridley. 


Table  6.  Turbidity,  Temperature  and  Dissolved  Oxygen  in  the  SAF,  Pool  1 
and  2  in  the  Mississippi  River,  and  in  the  lower  Minnesota 
River,  November,  1973. 


Table  7.  Downstream  Profile  of  Turbidity  and  the  Effect  of  Dredging  and 
Navigation,  1973. 

Table  8.  Benthic  Animal  Abundance. 

Figure  1.  Annual  Volume  of  Sediment  Dredged  Within  Each  River  Mile  of 
the  Minnesota  River,  Arranged  by  Decade  (S.P.D.-NCS,  1973). 

Figure  2.  Daily  Mean  Flow  of  the  Mississippi  River  at  the  Gaging  Station 
Near  Anoka,  Minnesota  During  a  Two  Year  Period  (EPA). 

Figure  3.  Seasonal  Changes  in  Temperature  Measured  at  Station  1  Mile 

856.8  on  the  Mississippi  River  During  a  Two  Year  Period  (FWPCA). 

Figure  4.  Seasonal  Changes  in  the  Dissolved  Oxygen  Measured  at  Station  1 
Mile  856.8  on  the  Mississippi  River  During  a  Two  Year  Period 
(FWPCA) . 

Figure  5.  Seasonal  Changes  in  the  Dissolved  Oxygen  Measured  at  Station  2 
Mile  826.6  on  the  Mississippi  River  During  a  Two  Year  Period 
(FWPCA) . 

Figure  6.  Seasonal  Changes  in  Specific  Conductance  Measured  at  Station  1 
Mile  856.8  on  the  Mississippi  River  During  a  Two  Year  Period 
(FWPCA) . 

Figure  7,  Seasonal  Changes  in  pH  Measured  at  Station  1  Mile  856.8  on  the 
Mississippi  River  During  a  Two  Year  Period  (FWPCA). 
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Table  1 .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area 


(P  -  present;  M  -  moderate;  D  -  dominant) 


Pool: 

Species  Transect: 

Trees  and  Shrubs 

ACERACEAE 

Acer  negundo 
Box  elder 

Acer  nigrum 
Black  maple 

Acer  rubrum 
Red  maple 

Acer  saccharinum 

Silver  or  soft  maple 

Acer  saccharum 

Sugar  or  hard  maple 

Acer  spicatum 
Mountain  maple 

Acer  sp. 

Maple 

ANACARDIACEAE 

Rhue  glabra 
Smooth  sumac 

Rhus  radicans 
Poison  ivy 

Rhus  typhina 

Staghorn  sumac 


SAF 

Upper  Lower 
AA  BB  CC 


Minn. 

River 


P  P  P  P 


BB 

AA  BB  CC 

AA  BB  CC 

AA  BB  CC 

P 

P  P 

P  P 

P  P 

P 

P 

P 

P  P 

P 

P 

P 

P 

St.  Croix 
River 

[AA  BB  YY  CC 


I 
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Table  1 .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


SAF 

Pool:  Upper  Lower  1 


Minn.  St.  Croix 
2  River  River 


Transect: 
Trees  &  Shrubs  (cont'd.) 
BETULACEAE 


AA  BB  CC 


IBB 


Alnus  inoana 

Speckled  alder 

Betula  papyrifera 
Paper  birch 

Carpinus  caroliniana 
Blue  beech  or 
hornbeam 

Os  try a  virginiana 
Xronwood  or  hop 
hornbeam 


P 


CAPRI FOLIACEAE 

Diervilla  lonicera 
Bush  honer "ankle 

Lcmicera  pro  Li  j era 
Grape  honeysuckle 

Lonicera  toiarica 

Tartarian  honeysuckle 

Sambucus  canadensis 
Common  elder 

Sambucus  pubens 

Red-berried  elder 

Symphoricarpos  occidentalis 

Wolfberry 

Symphoricarpos  orbiculatus 

Coralberry 

Viburnum  cassinoides 
Wild  raisin 


F 


CELASTRACEAE 

Celastrus  scandens 

Climbing  oittersweet 


AA  BB  CC 


AA  BB  CC 


AA  BB  CC 


AA  BB  YY  CC 


P  P  P  P 
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Table  1.  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 


SAF 

Upper  Lower  1  2 


Minn.  St.  Croix 
River  River 


Transect: 


AA  BB  CC 


IBB 


Trees  &  Shrubs  (Cont'd.) 


CORNACEAE 


Cornus  altevni folia 
Alternate- leaved 
dogwood 

Comu.8  raaemosa 
Panicled  dogwood 

Cornus  stolcnifera 
Red-osier  dogwood 

CUPRESSACEAE 

Juniperus  virginiana 
Red  cedar 

Thuja  occidentalis 
White  cedar 

FABACEAE  (LEGUMINOSAE) 

Amorpha  fruiticosa 
False  indigo 

Robinia  pseudo-acacia 
Black  locust 


FAGACEAE 

Quercus  alba 
White  oak 

Quercus  macrocarpa 

Bur  oak  or  mossycup 
oak 

Quercus  borealis 
Northern  red  oak 

Quercus  velutina 
Black  oak 

Quercus  sp. 

Oak 


AA  BB  CC 


P 

P 


AA  BB  CC 


AA  BB  CC 


AA  BB  YY  CC 


P  P 


P  P 
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Table  1 .  Abundance  of  Plants  Found  in  the  River  Valleys 
In  the  Twin  Cities  Area  (Continued) 


Pool: 


SAF 

Upper  Lower  1 


Minn.  St.  Croix 
2  River  River 


Species 


Transect: 


AA  BB  CC 


IBB 


Trees  &  Shrubs  (Cont'd.) 

JUGLANDACEAE 

Carya  cordiformis 

Bltternut  hickory  P 


LEGUMINOSAE :  see  FABACEAE 


MORACEAE 

Morus  rubra 
Red  mulberry 

OLEACEAE 

Fraxinus  nigra 
Black  ash 

Fraxinus  pennsylvanioa 
var .  subintegerrima 

Green  ash  P 

Fraxinus  sp. 

Ash  P  P 


PINACEAE 

Larix  lariaina 
Tamarack 
Picea  canadensis 
White  spruce 

Pinus  resinosa 
Red  pine 

Pinus  strobus 
White  pine 


AA  BB  CC 


P  P 


AA  BB  CC 


AA  BB  CC  IAA  BB  YY  CC 


P  P 


P  P  P  P 
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Table  1  .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


SAF 

Pool:  Upper  Lower  1  2 


Minn.  St.  Croix 
River  River 


Species  Transect:  AA  BB  CC 

Trees  &  Shrubs  (Cont'd.) 

ROSACEAE 


BB  I  AA  BB  CCIAA  BB  CC 


AA  BB  CC 


AA  BB  YY  CC 


Amelanchier  huronensis 

Service-berry , 
Shadbush) 

Amelanchier  spp, 
Juneberry 

Crataegus  spp. 
Thorn-apple 

Physocarpus  opulifolius 
Ninebark 

Primus  americana 
Wild  plum 

Primus  pensylvanica 
Pincherry 

Primus  serotina 
Black  cherry 

Primus  virginiana 
Choke- cherry 


SALICACEAE 

Populus  deltoides 
Cottonwood 

Populus  grandidentata 
Bigtooth  aspen 

Populus  balsamifera 
Balsam  poplar 

Populus  tremuloides 
Quaking  aspen 

Populus  sp. 

Aspen 


M  D  P 


P 

P 


P 


P 


P 


P 


P  P  P 


P 


P 


Table  1.  Abundance  of  Plants  Found  In  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 
Transect : 


-SAF 

Upper  Lower 


Species  Transect:  AA  BB  CC 

Trees  &  Shrubs  (Cont'd.) 


BB 


AA  BB  CC 


AA  BB  CC 


Minn. 

River 

AA  BB  CC 


St.  Croix 
.River 

AA  BB  YY  CC 


SAL1CACEAE  (Cont'd.) 

Salix  alba 

White  willow 

Salix  amygdaloides 

Peachr-leaved  willow  P 

Salix  humilis 

Small  pussy-willow 

Salix  interior 
Sandbar  willow 

Salix  nigra 

Black  willow 

Salix  spp. 

Willows 

TAXACEAE 

Taxus  canadensis 

Yew 


P 

P 


P 


P  P  P 


P 


P 


P  P  P 


P  M 


P 


TIL1ACEAE 

Tilia  ameriaana 

American  basswood 

ULMACEAE 

Celtis  oacidentalis 
Hackberry 

Ulmus  americana 
American  elm 

Ulmus  pumila 
Dwarf  elm 


P  P 


P  P  P 


P  P 


P 


P 
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Table  1  .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 
Transect : 


Upper  Lower 


Species  Transect:  AA  BB  CC 

Trees  &  Shrubs  (Cont'd.) 


BB 


AA  BB  CC 


AA  BB  CC 


Minn. 

River 

AA  BB  CC 


St.  Croix 
River 

AA  BB  YY  CC 


ULMACEAE 
Ulmus  rubra 

Slippery  elm  P  D 

Ulmus  sp. 

Elm  P 

Vines  (lianas) 

VITACEAE 

Parthenocissus  quinque- 
folia 

Virginia  creeper  P  P  P 

Vitis  riparia 

Riverbank  grape  P  D 


P 

P 

P  P  P 

P  P 


P 


P  P  P 


P 


P 


P 


P  P 


Herbs 

AIZOACEAE 

Mollugo  verticillata 
Carpetweed 

ALISMACEAE 

Sagittaria  sp. 

Arrowhead 

AMARANTHACEAE 

Amaranthus  tcmavincus 
(or  tuberculata) 

Amaranth  P 

APOCYNACEAE 

Apocynum  androsaemi folium 

Dogbane 


Table  1  .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


SAF  Minn. 

Pool:  Upper  Lower  1  2  River 


Species 


Transect:  AA  BB  CC 


BB 


AA  BB  CC 


AA  BB  CC 


AA  BB  CC 


Herbs  (Continued) 

ARACEAE 

Arisaema  triphyllum 

Jack-in-the-pulpit 

Spathyema  foetida 
Skunk  cabbage 

ARALIACEAE 

Arabia  nudicaulis 
Wild  sarsaparilla 

Pccnax  quinquef olius 
Ginseng 

Panax  trif olius 
Dwarf  ginseng 

Hedera  helix 
English  ivy 


P 


ARISTOLOCHIACEAE 

Asarum  aanadense 

Canadian  wild  ginger 


ASCLEPIADACEAE 

Asclepias  exaltata 
Tall  milkweed 

Asclepias  ovali folia 
Oval-leafed  milkweed 

Asclepias  syriaca 
Common  milkweed 

Asclepias  tuberosa 

Butterf lyweed 

Asclepias  verticillata 
Whorl- leaved  milkweed 


P  P  P 


St.  Croix 
River 

AA  BB  YY  CC 
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Table  1  .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


SAF 

Upper  Lower 


Species  Transect:  AA  BB  CC 

Herbs  (Continued) 

BALSAMINACEAE 

Impatiens  sp. 

Jewelweed 

BORAGINACEAE 

Hackelia  virginiana 
Beggar's  lice 

Lappula  redowskii 
Stickseed 

Lithospermum  canesaens 
Puccoon,  Indian-paint 

Lithospermum  carolinense 

Puccoon 

Lithospermum  incisum 
Puccoon 

Onosmodium  molle 

Marble-seed,  False 
gromwell 

Myosotis  sp. 

Forget-me-not 

CAMPANULACEAE 

Campanula  rotundifolia 

Harebell 

Lobelia  sp. 

Lobelia 

CAPPARI DACE  AE 

Polanisia  traehysperma 

Rough-seeded 

claroyweed 


BB 


AA  BB  CC 


AA  BB  CC 


Minn. 

River 

AA  BB  CC 


St.  Croix 
River 

AA  BB  YY  CC 


P  P 


n>y a*  *  mmmm »— < 

 »  ■  - 
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Table  1.  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 


SAF 

Upper  Lower  1 


Minn.  St.  Croix 
2  River  River 


Species  Transect:  AA  BB  CC 

Herbs  (Continued) 

CAPRI FOLI ACE AE 
Triosteum  perfoli'atum 
Horse-gentian 

CARYOPHYLLACEAE 

Cerastium  arvense 
Field  chickweed 

Cerastium  nutans 
Nodding  chickweed 

Cerastium  vulgatum 
Common  mouse-ear 
chickweed 

Saponaria  officinalis 
Soapwort ,  Bouncing  bet 

Stellaria  aquatica 
Water  chickweed 

CERATOPHYLLACEAE 

Ceratophyllum  demersum 

Coontail 

CHENOPODIACEAE 

Chenopodium  album 

White  pigweed  P 

Chenopodium 
gigan tosp ermum 

Pigweed  P 

Corisperrmum  hyssopi folium 

Hyssop-leaved  pigweed  p 

Cyclolana  atriplici folium 
Winged  pigweed 


BB 

AA  BB  CC 

AA  BB  CC 

AA  BB  CC 

P 

P 

AA  BB  YY  CC 


P 
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Table  1.  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Minn.  St.  Croix 

Pool:  Upper  Lower  1  2  River  River 


Species  Transect:  AA  BB  CC 

Herbs  (Continued) 

CISTACEAE 

Helianthemum  bicknellii 

Fros tweed 

COMMELINACEAE 

Tradescantia  bracteata 
Bracted  spiderwort 

Tradescantia  occidentalis 

Western  Spiderwort 

COMPOS ITAE 

Achillea  millefolium 
Yarrow 

Ambrosia  artemisiifolia 
Common  ragweed  P 

Ambrosia  sp. 

Ragweed  P 

Antennaria  plantagini- 
folia 

Pussytoes 

Anthemis  cotula 
Mayweed 

Arctium  minus 
Burdock 

Artemisia  biennis 

Biennial  wormwood  P 

Aster  novae-angilae 
New  England  aster 


BB 


AA  BB  CC 


AA  BB  YY  CC 


P 


P 


Aster  spp. 
Aster 


D  P 


P  P 


P 


P 
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Table  1  .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 

Species  Transect: 

Herbs  (Continued) 

COMPOSITAE  (Continued) 

Grindelia  squarrosa 
Cur ly cup- gumweed 

Helianthus  oooidentalis 
Western  sunflower 

tieliccnthus  petiolarus 
Petioled  sunflower 

Heliopsis  helianthoides 

Ox-eye 

Krigia  bi flora 
Dwarf  dandelion 

Lactuca  sp, 

Lettuce 

Prenanthes  alba 
Rattlesnake  root 

Batibida  pinnata 
Conef lower 

Rudbeckia  hivta 

Black-eyed  Susan 

Senacio  paupevculus 
Ragwort 

Senecio  plattensis 
Ragwort 

Silphium  perfoliatum 
Cup-plant,  Rosinweed 

Solidago  altissima 
Tall  goldenrod 

Solidago  flexioaulis 
Zig-zag  goldenrod 


SAF 

Upper  Lower 


AA  BB  CC 


BB 


AA  BB  CC 


AA  BB  CC 


Minn. 

River 

AA  BB  CC 


P  P 


St.  Croix 
River 

[AA  BB  YY  CC 


Table  1  .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cifies  Area  (Continued) 


Pool: 

Species  Transect: 

Herbs  (Continued) 

CRUCIFERAE  (Continued) 

Rorippa  islandica 
Icelandic  yellow 
cress 

Rorippa  obtusa 

Obtuse  yellow  cress 

Unidentified  sp. 

CUCURBITACEAE 

Sicyos  angulatus 
Bur-cucumber 

CYPERACEAE 

Cares:  aenea 
Sedge 

Cares:  annectens 
Sedge 

Carex  cephalophora 
Oval-headed  sedge 

Carex  communis 
Sedge 

Carex  stenophylla 
Involute-leaved 
sedge 

Carex  laxiflora 
Sedge 

Carex  lurida 

Sedge 

Carex  meadii 
Sedge 


SAF 

Upper  Lower 


Minn. 

River 


St.  Croix 
River 


AA  BB  CC 


BB 


AA  BB  CC 


AA  BB  CC 


AA  BB  CC  AA  BB  YY  CC 


Table  1.  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 

Species  Transect: 

Herbs  (Continued) 

CYPERACEAE 

Carex  normalis 
Sedge 

Carex  sartwellii 
Sartwell's  sedge 

Carex  stipata 

Awl-fruited  sedge 

Carex  umbellata 
Sedge 

Carex  vulpinoidea 
Fox  sedge 

Cyperus  filiculmis 
Galingale 

Cyperus  inflexus 
(or  aristotus) 

Awned  cyperus 

Cyperus  orbiaulari 
Galingale 

Cyperus  sahweinitzii 

Galingale 

Cyperus  sp. 

Galingale 

Eleocharis  palustris 

Spike-rush 

Hemicarpha  miorantha 
Least  hemicarpha 

Soirpus  ameriaanus 
Sword  grass 


SAF 

Upper  Lower 


Minn. 

River 


St.  Croix 
River 


AA  BB  CC 


BB 


AA  BB  CC 


AA  BB  CC 


AA  BB  CC 


AA  BB  YY  CC 
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Table  1.  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 

Species  Transect : 

Herbs  (Continued) 

CYPERACEAE 

Soirpus  atrovirens 
Georgian  bulrush 

Soirpus  oyperinus 
Woolgrass 

Soirpus  rubrotinotus 
Bulrush 

Soirpus  validus 
Giant  bulrush 

Unidentified  sp. 

DIOS CORE ACEAE 

Dioscorea  villosa 
Wild  yam 

EQUISETACEAE 

Equisetum  arvense 
Field  horsetail 

Equisetum  hyemale 
Scouring  rush 

Equisetum  pratense 
Meadow  horsetail 

EUPHORBIACEAE 

Euphorbia  oorollata 
Flowering  spurge 

Euphorbia  oyparissias 

Cypress  spurge 


SAF 

Upper  Lower 


AA  BB  CC 


BB 


AA  BB  CC 


!AA  BB  CC 


Minn. 

River 

AA  BB  CC 


St.  Croix 
River 

IaA  BB  YY  CC 


P  P  P 
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Table  1  .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Species 


SAF 

Pool:  Upper  Lower  1 

Transect:  AA  BB  CClBB  |  AA  BB  CC 


Minn. 

River 


St.  Croix 
River 


Herbs  (Continued) 

EUPHORBIACEAE  (Continued) 

Euphorbia  esula 

Leafy  spurge  P 

Euphorbia  sp. 

Spurge 

Euphorbia  glyptosperma 
Engraved-seed  spurge 

Euphorbia  nutans 
Eyebane 

FABACEAE  (LEGUMINOSAE) 

Amorpha  oanescens 

Prairie  lead-plant 

Astragalus  arassicarpus 
Ground  plum 

Medicago  lupulina 
Black  medick 

Melilotus  alba 

White  sweet  clover  P  M 

Petalostemum  candidum 
White  prairie  clover 

Vida  craoca 
Tufted  vetch 

Vida  villosa 
Hairy  vetch 

GERANIACEAE 

Geranium  spp. 

Wild  geranium 


P 

P  D  P 


\Ak  BB  CC 


AA  BB  CCkA  BB  YY  CC 
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Table  1.  Abundance  of  Plants  Found  in  the  River  Valleys 


in 

the 

Twin  Cities  Area 

(Continued) 

Pool: 

SAF 

Upper  Lower  1 

2 

Minn. 

River 

Species  Transect: 

AA 

BB  CC 

BB 

AA  BB 

CC 

AA  BB  CC 

AA  BB  CC 

Herbs  (Continued) 

GUTTI FERAE 

Hypericum  sp. 

St.  John's-wort 

GRAMINEAE 

Agrostis  palustris 
Creeping  bentgrass 

P 

Bouteloua  curtipendula 
Side-oats  grama 

Calamagrostis  canadensis 
Reed  bentgrass 

P 

Echinochloa  sp. 

D 

P  P 

P 

P 

Elymus  canadensis 
Canadian  wild  rye 

P 

P 

Elymus  virginicus 

Virginian  wild  rye 

P 

Eragrostis  hirsuta 

Hairy  love-grass 

P 

P  D 

Eragrostis  hypnoides 
Creeping  love-grass 

D 

Eragrostis  pectinacea 
Pursh's  love-grass 

D 

\ 

P 

M  P 

Glyceric,  grandis 

Reed  meadow-grass 

Glyceria  striata 

Fowl  meadow-grass 

Panicum  capillar e 

Witch  grass 

M 

P 

P  P 

Panicum  depauperatum 

Panic  grass 

River 

AA  BB  YY  CC 


I 
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Table.  1  .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 


SAF 

Upper  Lower  1 


Minn.  St.  Croix 

2  River  River 


Species : 


Transect:  AA  BB  CC 


BB 


AA  BB  CC 


AA  BB  CC 


AA  BB  CC 


AA  BB  YY  CC 


Herbs  (Continued) 


GRAMINEAE  (Continued) 


Panieum  dichotorniflorum 

Spreading  witch  grass  P 


Panieum  virgatum 
Switch  grass 

Phalaris  arundinaeea 
Canary  grass 

Poa  palustris 

Fowl  meadow-grass 

Poa  pratensis 
Blue  grass 

Setaria  viridis 
Green  foxtail 


P 


P 


Setaria  sp. 

Bristly  foxtail 

Spartina  pectinata 
Prairie  cord  grass 


Unidentified  sp.  D 


P 


HYDROCHARITACEAE 

Vallisneria  spiralis 
Wild  celery 

HY  DR0P11YLL  ACE  AE 

Ellisiu  nyctelea 
(No  common  name) 

Hydrophyllum  appendicu- 

latum 

Virginia  waterleaf 


-  -  •* 
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Table  1  .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool : 

Species  Transect : 

Herbs  (Continued) 

HYPERICACEAE 

Hypericum  perforatum 

St.  John' s~wort 

Hypericum  punctatum 
Spotted  St.  John's- 
wort 

IRIDACEAE 

Sisijrinchiwn  campestre 
Blue-eyed  grass 

JUNCACEAE 

Juncus  balticus 
Spikerush 

Juncus  compressus 
Spikerush 

Juncus  effusus 
Spikerush 

Juncus  longistylis 
Spikerush 

Juncus  secundus 
Spikerush 

LAB1ATAE 

Galeopsus  tctrahit 

Hemp-nettle 

Glecoma  hederacea 
Creeping  Charlie 

Hedeoma  hispida 
Mock  pennyroyal 


SAF 

Upper  Lower 


AA  BB  CC 


BB 


1 

AA  BB  CC 


Minn. 
2  River 


St.  Croix 
River 

AA  BB  YY  CC 


Table  1.  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


SAF 

Pool:  Upper  Lower  1 


Minn. 
2  River 


Transect : 


AA  BB  CC 


!bb 


AA  BB  CC 


AA  BB  CC 


AA  BB  CCl 


Herbs  (Continued) 


LABIATAE  (Continued) 

Leonurus  cardiaca 
Motherwort 

Lycopus  officinalis 
Water  horehound 

Lycopus  virginicus 
Bugleweed 

Monarda  fistulosa 
Wild  bergamot, 
borsemint 

Mentha  arvensis 

American  wild  mint  P 

Nepeta  cataria 
Catnip 

Physostegia  virginiccna 
Obedient  plant 

Prunella  vulgaris 
Mad-dog  skullcap 

Scutellaria  lateriflora 
Leonard's  skullcap 

Stachys  palustris 

Hedge -nettle  P 

Teucriion  canadense 
American  germander 

Unidentified  sp.  P 

LEMNACEAE 

Lemna  spp. 

Duckweed 


P  P 


St.  Croix 
River 

AA  BB  YY  CC 
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Table  1.  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 


SAF 

Upper  Lower  1 


Minn.  St.  Croix 
2  River  River 


Species 


Transect: 


AA  BB  CC 


BB 


Herbs  (Continued) 

LIL1ACEAE 


Allium  cemuum 
Wild  onion 


Lilium  superbum 
Turk's-cap  lily 


Maianthermm  aanadense 
Wild  lily-of-the- 
valley 


Smilacina  spp. 

False  Solomon's 
seal 


Smilax  sp. 
Greenbrier 


AA  BB  CC 


AA  BB  CC 


AA  BB  CC 


AA  BB  YY  CC 


P 

P 


Trillium  spp. 
Trillium 


LOBELIACEAE 

Lobelia  spicata 
Highbelia, 
pale-spike  lobelia 

MENISPERMACEAE 

Menispertnum  canadense 

Yellow  parilla 

NAJADACEAE 

Najas  sp. 

Naiad 

Zannichellia  palustris 
Horned  pondweed 


P 


I 
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Table  1. 


Abundance  of  Plants  Found  In  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


SAF 

Upper  Lower 


Pool: 

Species  Transect:  AA  BB  CC 

Herbs  (Continued) 

NYCTAGINACEAE 

Mirabilis  hirsuta 

Hairy  umbrellawort  P 

ONAGRACEAE 

Circaea  quadri sulcata 
Tall  enchanter's' 
nightshade 

Epilobium  ciliatum 

Willow  herb 

Epilobium  paniculatum 

Willow  herb 

Oenothera  biennis 

Evening  primrose  P 

OPHIOGLOSSACEAE 

Botrychium  virginianum 
Rattlesnake  fern 

OSMUNDACEAE 

Osmunda  claytoniana 
Cinammon  fern 

OXALIDACEAE 

Oxalis  dillenii 
Wood  sorrel 

Oxalis  striata 

Upright  wood  sorrel 

Oxalis  violaoea 

Violet  wood  sorrel 


BB 


AA  BB  CC 


AA  BB  CC 


Minn . 
River 

AA  BB  CC 


St.  Croix 
River 

AA  BB  YY  CC 


I 
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Table  1.  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 


SAF 

Upper  Lower  1 


Minn.  St.  Croix 
2  River  River 


Species 


Transect:  AA  BB  CC 


BB 


AA  BB  CC 


AA  BB  CC 


AA  BB  CC 


AA  BB  YY  CC 


Herbs  (Continued) 

PAPAVERACEAE 

Sanguinaria  canadensis 

Bloodroot 


PHYRMACEAE 

Phyrna  leptostachya 
Lopseed 

PLANTAGINACEAE 

Plantago  major 

Common  plantain  M 

Plantago  rugelii 
Wood  plantain 

POLEMON I ACE AE 

Phlox  divaricata 

Blue  phlox 

Phlox  pilosa 
Phlox 

Polemonium  reptans 
Jacob's  ladder 


P 


P  P 


POLYGONACEAE 

Polygonum  ariculare 
Common  kno tweed 

Polygonum  coccineum 
Scarlet  smartweed 

Polygonum  p-~r.cyl.-jar.  i cum 

Pennsylvania  smartweed 

Polygonum  sp. 

Smar tweed 


P 


r 


P 


P  P  P 
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Table  1.  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 

Species  Transect: 

Herbs  (Continued) 

POLYGONACEAE  (Cont'd.) 

Rumex  ace  to  sella 
Sheep  sorrel 

Rumex  crispus 
Curled  dock 

Rumex  mexicanus 
Mexican  dock 

Rumex  sp. 

Dock 

POLYPODIACEAE 

Adiantum  pedatum 
Maidenhair  fern 

Cystopevis  fvagilis 
Fragile  bladder-fern 

PRIMULACEAE 

Lysimachia  nummulania 
Moneywor  t 

Lysimachia  ciliata 
Loosestrife 

RAN  UN  CULACE  AE 

Anemone  canadensis 
Canadian  araenome 

Anemone  caroliniana 
Carolina  anemone 

Anemone  cylindrica 

Thimb  lev/e  ed 

Anemone  quinquefolia 
Wood  anemone 
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Table  1 .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 


SAF 

Upper  Lower  1 


Minn.  St.  Croix 
2  River  River 


Species  Transect: 

Herbs  (Continued) 

"  '  -  ■  1  '  “  ‘ 


AA  BB  CC 


BB 


AA  BB  CC 


AA  BB  CC 


LU  BB  CC 


kA  BB  YY  CC 


RANUNCULACEAE 

Anemone  virginiana 

Thimbleweed 

Anemone  sp. 

Anemone 

Anemonella  thalictroid.es 
Rue  anemone 

Aquilegia  canadensis 

Columbine 

Delphinium  virescens 
Larkspur 

Hepatica  acutiloba 
Liverleaf,  hepatica 

Hepatica  americana 

Liverleaf ,  hepatica 

Ranunculus  acris 
Tall  buttercup 

Ranunculus  abortivus 
Kidneyleaf  buttercup 

Ranunculus  aquatilis 
White  water- crowfoot 

Ranunculus  pensylvanicus 
Bristly  crowfoot 

Ranunculus  rhomboideus 

Prairie  buttercup 

Ranunculus  scleratus 
Cursed  crowfoot 

Ranunculus  septentrio- 

nalis 

Swamp  buttercup 


P  P  P  P 


P 
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Table  1 .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 

Species  Transect: 

Herbs  (Continued) 

ROSACEAE 

Potentilla  recta 

Upright  cinquefoil 

Potentilla  simplex 

Old-field  cinquefoil 

Potentilla  sp. 
Cinquefoil 

Rosa  blanda 

Smooth  wild  rose 

Rosa  suffulta 

Hairy  prairie  rose 

Rosa  sp. 

Rose 

Rubus  occidentalis 
Black  raspberry 

RUBIACEAE 

Galium  boreale 

Northern  beds tr aw 

Galium  trifidum 
Small  bedstraw 

Houstonia  longi folia 

Bluet 

SANTALACEAE 


SAF 

Upper  Lower 


AA  BB  CC 


BB 


AA  BB  CC 


AA  BB  CC 


Minn. 
River 

IaA  BB  CC 


St.  Croix 
River 

AA  BB  YY  CC 


Comandra  umbellata 
Bastard  toadflax 
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Table  1 .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 

Species  Transect: 

Herbs  (Continued) 

RANUNCULACEAE  (Cont'd.) 

Ranunculus  sp. 

Buttercup 

Thalictrum  dasycarpum 
Purple  meadow-rue 

Thalictrum  sp. 
Meadow-rue 

RHAMNACEAE 

Ceanothus  americanus 
New  Jersey  tea 

ROSACEAE 

Agrimonia  pubescens 
Cocklebur 

Alchemilla  sp. 

Lady's  mantle 

Fragaria  vesca 
Wild  strawberry 

Geum  canadense 
White  avens 

Geum  laciniatum 
Avens 

Geum  triflorum 

Three-flowered  avens 

Potentilla  argentea 
Silvery  cinquefoil 

Potentilla  arguia 

Tall  cinquefoil 

Potentilla  norvegica 
Rough  cinquefoil 


SAF 
Upper 
AA  BB  CC 


Lower 


BB 


AA  BB  CC 


AA  BB  CC 


Minn. 
River 

[AA  BB  CC 


St.  Croix 
River 

AA,  BB  YY  CC 


Table  1  .  Abundance  of  Plants  Found  In  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 
Transect : 


SAF 

Upper  Lower 


Species 

Herbs  (Continued) 

SAXIFRAGACEAE 

Heuchera  ameriaana 

Alumroot 


AA  BB  CC 


BB 


AA  BB  CC 


AA  BB  CC 


Minn. 

River 

AA  BB  CC 


Heuchera  richardsonii 
Richardson's  alumroot 

Bibes  sp. 

Currant 


P 


SCROPHULARIACEAE 

Besseya  bullii 

(Uo  common  name) 

Linaria  vulgaris 
Butter-and-eggs 

Mimulus  glabratus 
Monkey  -f  lower 

Mimulus  ringens 
Square-stemmed 
monkey -flower 

Pensiemon  gracilis 
Slender-leaved 
beard- tongue 

Penstemon  grandiflorus 
Large- flowered 
beard-tongue 

Scrophularia  lanceolata 

Figwort 

Verbascum  thapsus 
Mullein 

Veronica  americana 

Speedwell 

Veronicas trum  virginicum 
Culver's  root 


P 


P 


St.  Croix 
R<  ver 

(AA  BB  YY  CC 


Unidentified  sp. 


P 


Table  1.  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


SAF 

Pool:  Upper  Lower  1 


Minn.  St.  Croix 
2  River  River 


Species  Transect:  AA  BB  CC 

Herbs  (Continued) 

SOLANACEAE 


BB 


AA  BB  CC 


AA  BB  CC 


AA  BB  CC 


AA  BB  YY  CC 


Physalis  heterophylla 
Clammy  ground-cherry 

Physalis  longi folia 
Ground-cherry 

Solarium  nigrum 
var.  arnericana 

Black  nightshade 

t*  -  s- 

SPARGANIACEAE 

Spargahiurn 

Bur-reed 

TYPHACEAE 

Typha  latifolia 
Cattail 

UMBELLI FERAE 

Angelica  atropurpurea 
Alexander 

Cryptotaenia  canadensis 
Wild  chervil 

Heracleum  lanatum 
Cow  parsnip 

Osmorhiza  longistylis 

Sweet  cicely 

■  Pastinaca  sativa 
Wild  parsnip 

Sanicula  marilandica 
Black  snakeroot 

Zizea  aurea 

Golden  alexander 


P 


P 
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Table  1  .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 
Transect : 


SAF 

Upper  Lower 


AA  BB  CC 


Species 

Herbs  (Continued) 

URTICACEAE 

Boehmeria  cylindrica 

False  nettle 

Parietaria  pensylvanica 
Pennsylvania  pelli- 
tory  P  D 

Urtica  dioica 

Stinging  nettle 

Locportia  canadensis 

Canadian  wood-nettle 

Unidentified  sp.  P 

VERBENACEAE 

Verbena  bracterata 

Large-bracted  vervian  P 

Verbena  hastata 
Blue  vervain 

Verbena  simplex 
Vervain 

Verbena  striata 
Hoary  vervain 

Verbena  urtici  folia 
White  vervain 

VIOLACEAE 

Viola  pedata 

Bird's-foot  violet 

VITACEAE 

Parthenocissus  inserta 
Thicket  creeper, 
woodbine 


teB 


AA  BB  CC 


AA  BB  CC 


Minn. 

River 

AA  BB  CC 


St.  Croix 
River 

AA  BB  YY  CC 
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Table  1 .  Abundance  of  Plants  Found  in  the  River  Valleys 
in  the  Twin  Cities  Area  (Continued) 


Pool: 

Species  Transect: 

Herbs  (Continued) 

HEPATICAE 

(Liverworts) 


SAF 

Upper  Lower 


AA  BB  CC 


BB 


AA  BB  CC 


2 

AA  BB 


Minn.  St.  Croix 
River  River 


CC 


AA  BB  CC 


AA  BB  YY  CC 


P 


MUSCI  (mosses) 


P  P  P  P 
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Table  2 


.  Vegetation  of  Floodplain  (old  dredge  spoil)  and  bluff 
Habitats  on  the  Minnesota  River  (Cooper,  1947). 


Trees 

Acer  negundo 
Acer  saccharinum 
Fraxinus  nigra 
Fraxinus  pennsylvanica 
Fraxinus  sp. 

Populus  deltoides 
Salix  amygda.loides 
Ulmus  americana 
Ulmus  rubra 


Box  elder 

Soft  (Silver)  Maple 
Black  ash 
White  ash 
Ash 

Cottonwood 
Beech -leaved  willow 
American  elm 
Slippery  elm 


Shrubs 

Cornus  stolonifera 
Cornus  racemosa 
Salix  longifolia 
Sambucus  canadensis 
Vitis  riparia 


Red-osier  dogwood 
Racemose  dogwood 
Willow 
Common  elder 
River-bank  grape 


Herbs 

Acalypha  rhombodia 
Anemone  virginiana 
Aster  lateriflorus 
Aster  sp. 

Bidens  sp. 

Boehmeria  cylindrica 
Boltonia  latisquama 
Carex  gracilima 
Cuscuta  sp. 

Elymus  virginicus 
Eupatorium  perfoliatum 
Geum  sp. 

Helenium  autumnale 
Heuchera  richardsonii 
Laportia  canadensis 
Lathyrus  sp. 

I.cersia  oryzoides 
Lycopus  virginicus 
Menisperinum  canadense 
Mentha  sp. 

Physostegia  spcciosa 

Plantago  major 
Oryzopsis  sp. 

Stachys  aspera 
Urtica  gracilis 


Three-seeded  mercury 
Tall  anemone 
Calico  aster 

Stick- tights 

False  nettle 

Small  headed  boltonia 

Sedges 

Dodder 

Virginia  wild  rye 
Common  boneset 

Sneezeweed 
Alum  root 
Wood  nettle 
Wi Id  pea 
Rice  cut-grass 
Bugle  weed 
Moonseed 
Mint 

False  dragon-head 

Common  plantain 

Rough  hedge  nettle 
Slender  wild  nettle 


a 
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Table  3.  Vegetation  of  the  Spring.  Lake  area  » 
(Data  from  Leisman,  1959). 


HABITAT;  Ravines  and  Bluffs 


Trees  -  common 

American  elm  Ulmus  ameri cana 
Slippery  elm  Uli,  us  rubra 
Basswood  Ti lia  ameri cana 
Green  ash  Fraxinus  pennsy Ivanica 
var.  subintegerriina 
Box  elder  Acer  negundo 
Cottonwood  Populus  de 1 toides 
Red  cedar  Juniperus  virginiana 

-  present 

Ironwood  Os t.rya  virginiana 
Butternut  Jug la ns  cinerea 
Oaks  (several)  Quercus  spp. 

Paper  birch  Betula  papyr ifera 


Herbs 

Yellow  jewelweed  Inpatiens  pallida 
Nettle  Ur t lea  procera 
Sweet  cicely  Osmorlii  za  sp. 


HABITAT:  River  Terraces  and  Uplands 

Trees 

Northern  red  oak  Quercus 
borealis 

Pin  oak  pa]  us  tr  is 

Bur  oak  Q.  macrocar pa 

American  elm  Ulmus 
americana 

Bitternut  hickory  Carya 
cordiformis 

Butternut  Juglans  cinerea 

Hackberry  Celtis  occidcnt- 
alis 


Shrubs 

None 


Herbs 

Kentucky  bluegrass  Poa 
pratensis 


Shrubs  -  common 

Red-berried  elder  Sambucus  pubens 
Missouri  gooseberry  Ribes  mi ss ouri ense 
Prickly  gooseberry  Kibes  cynosbati 
Black  raspberry  Rubus  occidcntalis 
Prickly  ash  Xanthoxylum  airer icanum 
Hazel  Corylus  americana 

-  present 

Wolfberry  Symphoricarpos  occidcntalis 
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Cooper's  Hawk 

C 

Red* tailed  Hawk 

F.C 

Red- shouldered  Hawk 

F.C 

Broad -winged  Hawk 

F.C 

Rough -legged  Hawk 

F.D 

Ferruginous  Hough-leg 

F.D 

Colden  Eagle 

F 

Bald  Eagle 

F 

Marsh  Hawk 

F.D 

Osprey 

F.C 

Cyt  falcon 

F.D 

Duck  Hawk 

F.G 

Pigeon  Hawk 

F.C 

Sparrow  Hawk 

F.D 

Ruffed  Grouse 

C 

Prairie  Chicken 

D 

Sharp -tailed  Grouse 

B.D 

European  Partridge 

D 

Bob- white 

B2-3 

Ring- necked  Fhcasant 

D 

Sandhill  Crane 

A2-D 

King  Rail 

A2-3 

Virginia  Rail 

A2-3 

Sora 

A2-3 

Yellow  Rail  Dl-2 

Florida  Gallinule  A2-3 

Coot  A 


Piping  Plover  H 

Send  pal  mated  Plover  H 

Killdeor  A.  I,  D 


Golden  Plover  I,  [j,  \\ 

Black- bellied  Plover  I,  h 

Ruddy  Turnstone  H 


Woodcock  g] 

Wilson’s  SnJ |x?  I,  u- 1 

Upland  Plover  D2-3 


Spotted  Sandpiper  I-  H 

Solitary  Sandpijjcr  I 

Western  Willct  h-1 


Greater  Yellow- legs 

H-  I 

I .c ss ci  Yellow-legs 

H-  I 

Knot 

ii 

Pectoral  Sandpiper 

If- I 

While-rumped  Smdpipcr 

H-I 

Baird's  Sandpiper 

K- 1 

Least  Sandpiper 

H-  1 

Red -hacked  Sandpiper 

H-  I 

Dowitcher 

H-  1 

03“  oDo  non  non  o-n 
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Table  4  (Continued) # 
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Species 

Habitat 

Baltimore  Oriole 

C 

Rusty  Blackbird 

C-l 

Brewer  s  Blackbird 

D 

Bronzed  Crackle 

CDE 

Cow  bird 

BCDE 

Scarlet  Tanagcr 

C 

Cardinal 

C 

Rose -breasted  Grosbeak 

c 

Indigo  Rioting 

B-2,  3 

Dickcissel 
Evening  Grosbeak 
Purple  Fir.ch 


Oct.  [  Nov.  {  Dec. 


iiSiiinSHiggsgsgSMSISiim 


Pine  Grosbeak 

C-5 

Hoary  Redpoll 

D.  B-2 

Redpoll 

D.B-2 

Pine  Siskin 

C 

Goldfinch 

CB 

Red  Crossbill 

C-5 

White -winged  Crossbill 

C-5 

Towhee 

C 

Savannah  Sparrow 

D~2 

Grasshopper  Sparrow 

D-3 

Leconte’s  Sparrow 

A3,  D- 1 

Henslow's  Sparrow 

A3.D-1 

Nelson's  Sparrow 

A3.D-1 

Vesper  Sparrow 

D-3 

Lark  Sparrow 

C-4.D-3 

Slatc-colored  Junco 

C 

Oregon  Junco 

C 

Tree  Sparrow 

B,  C-l 

Chipping  Sparrow 

B.  C-5,  F. 

Clay-colored  Sparrow 

B-2.  C-l 

Field  Sparrow 

B-2.  C-4 

Harr  is' s  Spa  r  row 

B-3.  C 

White -crowned  Sorrow 

B-3.  C 

White- thioatcJ  Sparrow 

C 

Fox  Sparrow 

C 

Lincoln’s  Sparrow 

B-5.  C 

Swamp  Sparrow 

A-3,  B-  1 

Song  Sparrow 

A3.  B-  1  .  o 

I^ipJ and  l.or.jspur 

D 

Snow  Hunting 

l) 

ADDITIONAL  Sl’ECI 

:s 

Weste  rn  Grebe 

A 

Yel’-c  r  Ni.jH  H*  ron 

A2-3.  Cl 

Wtfctcrn  Tanagcr 

C 
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Table  5.  Water  Quality  of  Mississippi  River  Measured  at  the 

Intake  of  the  Minneapolis  Water  Works  in  Fridley,  1973 


Parameter 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Bacteria  in 

Total 

108690  11427Q 

7850080 

221300 

117730 

109400 

67690 

117270 

raw  water, 

Aver. 

3506 

4081 

253228 

7343 

3797 

3647 

2184 

2783 

Most  Prob. 

Max. 

13000 

17000 

7160000 

35000 

13000 

24000 

7900 

17000 

No./lOO  ml 

Min. 

790 

490 

700 

1300 

170 

450 

330 

170 

Turbidity, 

Aver. 

2.7 

2.0 

5.0 

3.1 

4.7 

4.7 

4.7 

4.5 

Jackson 

Max. 

3.1 

2.4 

14.0 

4.0 

20 

9.0 

24 

10 

Turbidity 

Units 

Min. 

1.9 

1.5 

1.9 

2.5 

2.9 

3.3 

3.3 

2.2 

Calcium 

Aver. 

119.4 

125 

96 

106 

107 

107 

104 

94 

Hardness 

Max. 

126 

135 

124 

113 

135 

116 

116 

102 

in  mg/1 
as  CaCC>3 

Min. 

112 

119 

69 

95 

94 

101 

100 

85 

Bicarbo¬ 

Aver. 

168 

175 

128 

132 

130 

136 

133 

120 

nate,  mg/1 

Max. 

178 

180 

175 

144 

139 

146 

140 

139 

Min. 

153 

170 

88 

118 

113 

128 

125 

98 

Alkalin¬ 

Aver. 

168.2 

179 

132.5 

144 

140 

146 

148 

135 

ity,  mg/1 

Max. 

177 

188 

182 

154 

151 

153 

155 

232 

as  CaCC>3 

Min. 

155.5 

172.5 

91 

126 

125 

134 

137 

120 

pH 

Aver. 

7.90 

8.1 

8.02 

8.4 

8.2 

8.21 

8.5 

8.4 

Max. 

8.03 

8.2 

8.2 

8.7 

8.4 

8.43 

8.6 

8.6 

Min. 

7.75 

7.95 

7.75 

8.05 

8.0 

8.0 

8.3 

8.1 

lolor 

Aver. 

28 

24 

48.7 

44 

51 

59 

47.7 

56 

Max. 

32 

26 

74 

53 

64 

72 

73 

77 

Min. 

25 

20 

20 

38 

45 

47 

40 

37 

Fluoride , 

Aver. 

0.15 

0.12 

0.14 

0.15 

0.17 

0.19 

0.18 

0.17 

mg/1 

Max. 

0.16 

0.15 

0.13 

0.5 

0.16 

0.13 

0.16 

0.13 

0.20 

0.13 

0.24 

0.15 

0.19 

0.16 

0.19 

0.15 
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Date 


Table  6. 


Pool 


Turbidity,  temperature  and  dissolved  oxygen  in  the  SAF  Pools, 
Pools  1  and  2  of  the  Mississippi  River  the  the  Lower  Minnesota 
River,  November  1  and  2,  1973  (Colingsworth,  Gudmundson  and  Weir) 

** 

Turbidity  Temp. 

FTU  OC 


Transect 


Depth 
in  ft. 


DO, 

ppm 


Remarks 


1  Nov  73 


2  Nov  73 


USAF 

Hd.  Nicollet  Is. 

O'  * 

4 

8.5 

8.67 

12' (b) 

4 

AA*  (Mid-ch)-! 

O' 

4 

8.0 

8.04 

12' (b) 

4 

8.0 

7.70 

BB  (Mid-ch) 

O' 

5.5 

8.2 

7.70 

15' (b) 

4 

8.3 

6.67 

CC  (E.  ch) 

0* 

18 

8.2 

6.65 

10’ (b) 

2 

V .  7 

7.00 

CC  (Mid -main  ch) 

O' 

2 

5.8 

9.17 

25' (b) 

3 

5.2 

9.53 

LSAF 

BB  (R/B)+t 

O' 

2 

9.3 

6.88 

14' (b) 

4 

8.6 

7.50 

BB 

O' 

2.5 

8.7 

7.17 

14' (b) 

4 

8.0 

7.00 

BB  (Mid-ch) 

O' 

3 

7.5 

8.06 

10' 

3.5 

7.0 

7.28 

BB 

O' 

3 

8.2 

6.83 

(b) 

4 

8.3 

7.00 

1 

O' 

4 

8.3 

8.00 

13' (b) 

4 

7.5 

9.54 

AA  (Mid  ch) 

0* 

4 

8.6 

6.00 

22'  (b) 

5 

8.5 

6.67 

BB  (Mid  ch) 

O' 

4.5 

8.4 

6.13 

18’ (b) 

5 

8.3 

6.20 

CC  (Mid) 

O' 

6 

8.6 

6.20 

12'  (b) 

5 

8.5 

6.13 

2 

AA  (Mid-main  ch) 

0’ 

4 

8.6 

7.50 

18'  (b) 

5 

8.6 

9.33 

AA  (L  ch  mid) 

O' 

5 

8.6 

6.34 

10' (b) 

6 

8.5 

8.34 

Minn. 

CC  (Mid-ch) 

O' 

42.5 

9.3 

6.18 

15’ (b) 

56 

7.0 

8.82 

2 

St.P.  ycht  club 

0’ 

11 

8.6 

5.67 

12' (b) 

12 

9.0 

8.78 

Mile  831.1 

O' 

9 

9.0 

6.17 

15" (b) 

9 

8.9 

6.17 

BB 

O' 

12 

9.1 

6.19 

21' (b) 

11 

9.0 

6.17 

Minn. 

BB 

O' 

17.5 

7.1 

12.84 

11' (b) 

19.5 

7.8 

14.00 

CC  -  R/B 

0’ 

37 

0' 

46 

-  Mid  ch 

O' 

33 

8.6 

7.67 

15’ (b) 

36.5 

8.5 

7.83 

I  *(b)  =  river  bottom  depth  +  ch  =  channel  +t  R/B  =  right  bank 

^*FTU  =  Formazine  Turbidity  Units;  measured  with  a  nephelometer . 


@Shiely 

1.5  Min  after 
Joaljim  pushed 
2  loaded  barge 
u/s  to  ’c'  yd. 

Underneath 
Stone  Arch  Br. 
center 

a,  300'  D/S 
from  LSAF  Dam, 
Mid  ch. 


@R/B-no  boat 
wake 

@R/B-40  sec. 
after  own 
boat  wake  (1/2 
throttle  ^20' 
from  R/B  ) 


Table  7.  Downstream  profile  of  turbidity  (in  FTU)  and  the  effect  of  dredging  and  barge 
Traffic  on  Turbidity  in  the  Minnesota  River,  September  25,  1973 
(Colingsworth  and  Gudmundson) 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
A  Macroinvertebrates  Collected  in  1973  in  the 

Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MISSISSIPPI  RIVER  (Continued) 

Upper  St.  Anthony  Falls  Pool  (Continued) 

Transect  UAA.  Mile  857.3  (Continued) 

UAA  :  Mid-stream;  Spring  1973;  Coarse  sand;  10  to  11',  12.3  maximum  depth 

Organisms  Sample 

Class  or  Order  Family _ Genus _ per  sq  ft  Number 

Diptera  Chironomidae  Polypedilum  1  67. 


UAA:  Mid-channel;  Summer  1973;  Rocks,  sand  and  gravel,  7'  depth 


Trichoptera 

Hydropsy chidae 

Hyaropsyohc 

22 

Chematopsyche 

6 

Ephemeroptera 

Potamanthidae 

Polyanthus 

2 

Heptagenid  dae 

Stenonema?  (damaged) 

1 

Coleoptera 

Elmidae 

1 

Dipter _ 

Chironomidae 

Polypedilw.i 

2 

Rheotany tarsus 

12 

Pentaneurini 

9 

Polypedilum  (pupa) 

1 

Tantytarsini 

(pupa) 

2 

Chironominae 

(unident,  pupa) 

1 

Empididae 

Hemerodromia? 

4 

Hemerodromia ?  (pupa) 

2 

Tipulidae 

(unident,  larva) 

1 

Simuliidae 

Simulium 

2 

Simuliicn  (pupa) 

2 

Chironomidae 

Rheo  tar.u  tars  us  ? 

1 

(in  case, 

attached  just  behind  head  to  cervical  membrane  of 

a  Hydropsyche  larva) 
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Table  8.  Benthic  Animal  Abundance  (cont.). 

^  Comparison  of  Spring  and  Summper  Samples  of  Benthic 

Macroinvertebrates  Collected  in  1973  in  the 
Minnesota  and  Lower  St.  Croxi  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MISSISSIPPI  RIVER  (Continued) 

Upper  St.  Anthony  Falls  Pool  (Continued) 

Transect  UBB .  Mile  855.7 

UBB  :  Left  bank;  Spring  1973;  no  organisms  in  sample 


UBB:  Burlington  Northern  RR  bridge;  3rd  pier  from  L/B;  Summer  1973;  Sand, rocks 
14 1  deep 

Organisms  Sample 

Class  or  Order  Family _ Genus _ per  sq  ft  Number 


Ephemeroptera  Caenidae  Caenis  1 

Diptera  Chironomidae  Cryptochironomus  2 

UBB  :  Mid-channel;  Summer  1973;  Medium  coarse  sand 

Diptera  Chironomidae  Polypedilwn  1 


49. 


65. 


UBB:  Mid-channel;  Summer  1973;  Sand  and  fine  gravel  with  some  plant  debris; 
13.75’  depth 

Diptera  Chironomidae  Paratendipes  1  54. 


UBB  :  Right  bank;  Spring  1973;  4"  d.  chunk  of  cemet,  very  little  fine  sand, 
medium  coarse  sand;  2.7'  deep,  12  yards  from  right  bank 


Trichoptera 


Diptera 

Coleoptera 


Hy  dr  op  sy  ch  id  a  e  Cheunatopsyelie 

Hydropsy  one 
Maaronemum 

Chironomidae 

Empididae 

Elmidae 

Elmidae  (Adults) 


22 

5 

2 

2 

1 

1 

3 


5. 


UBB;  Right  bank;  Summer  1973;  no  organisms 
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Table  8.  Benthic  Animal  Abundance  (cont.) 
Comparison  of  Spring  and  Summer  Samples  of  Benthic 
A  Macroinvertebrates  Collected  in  19V 3  in  the 

Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MISSISSIPPI  RIVER  (Continued) 

Upper  St.  Anthony  Falls  Pool  ( Conclu ded) 

Transect  UCC,  Mile  854.4 


UCC;  E,  Left  bank  only;  Spring  1973;  Fine  sand  (on  shelf),  hardly 
16'  depth 

Organisms 

Class  or  Order  Family  Genus  per  sq  ft 

any  sediments 

Sample 

Number 

Oligochaeta 

1 

73. 

UCC ;  Ekman , 

Left  Bank;  Summer  1973;  no  sample 

UCC;  Ekman, 

Mid-channel;  Spring 

1973;  no  sample 

UCC ;  Ekman , 

Mid-channel;  Summer 

1973;  Sand  and  gravel; 

10' 

deep 

Trichoptera 

Hydropsychidae 

Cheumatopsyche 

2 

53. 

Coleoptera 

Elmidae 

5 

Diptera 

Chironomidae 

Stictochironomus 

1 

Po  lypedi  Iwv 

1 

Eukief feriella 

1 

UCC;  Mid-  main  channel;  Summer  1973;  Coarse  sand  with  numerous  small  clam¬ 
shells;  18.5  -  19'  depth 

Diptera  Chironomidae  Cryptoahironomus  2 

Polyvcd.il- y;  4 

Pavatendipec  1 


I 

I 

I 

I 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Comparfsrun  of  Spring  and  Summer  Samples  of  Benthic 
A  Macroinvertebrates  Collected  in  1973  in  the 

Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MISSISSIPPI  RIVER  (Continued) 

Lower  St.  Anthony  Falls  Pool 


Transect  LBB .  Mile  853.4 

LBB ;  Left  bank;  Spring  1973;  10  yards  from  left  bank,  and  325  yards  from  right 
bank;  medium  coarse  sand  with  silt,  plant  and  shell  fragments;  3’  depth 

Organisms  Sample 

Class  or  order _ Fami ly _ Genus _ per  sq  ft  Number 

Diptera  Chironomidae  Polypedilur:i  3  69. 

Rheotcmy tarsus  1 


LBB;  Left  bank;  Summer  1973;  Sand,  silt  and  pebbles;  3'  deep 


Trichoptera 

Ephemeroptera 

Coleoptera 

Diptera 


Psychomyiidae 

Caenidae 

Heptageniidae 

Elmidae 

Chironomidae 


Nyotiophylax 

Caenis 
Stenc  ncma 


Diovotendipe s 
Glyptotendipes 
Po  lypedi  turn 
Cryptochi raiomus 
Pse  c  tr-o  tony  pus 


3 

1 

2 

8 

6 

2 

5 

1 


Oligochaeta 


5 
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Table  8.  B< nthic  Animal  Abundance  (cent.) 

* 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
A  Macroinvertebrates  Collected  in  1973  in  the 

Minnesota  dn  Lower  St.  Croix  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MISSISSIPPI  RIVER  (Continued) 

Lower  St.  Anthony  Falls  Pool  (Concluded) 

Transect  LBB .  Mile  853.4  (Continue d) 

LBB;  Mid-channel;  Spring  1973;  A  few  pieces  of  bark,  with  Trichoptera  larvae; 
165  yards  from  Left  bank  and  155  yards  from  right  bank,  L  guide  wh 

Organisms  Sample 

Class  or  order  Family _ Genus _ per  sq  ft _ Number 


Trichoptera 

Hydropsy chid  ae 

Hydropsyche 

18 

Hydropsy che  (pupae) 

2 

Cheunatopsyohe 

9 

Cheurnatopoyche  (pupae) 

2 

Philopotamidae 

Chimarra 

1 

Coleoptera 

Elmidae 

1 

Diptera 

Chironomidae 

Endo chiron omus 

1 

Microtendipes 

1 

Polypedilum 

1 

Chir onominae 

(unident. ,  very  small 

larva) 

1 

LBB;  Mid-channel; 

Summer  1973;  Sand  and  pebbles;  14'  deep 

Diptera 

Chironomidae 

Cryptochironomus 

2 

Oligochaeta 

1 

LBB:  Right  bank;  Spring  1973;  Medium  sand  and  silt  (little  current);  100  yards 
from  right  bank,  240  yards  from  left  bank;  10'  deep 


Coleoptera 

*  s 

Elmidae 

1 

Diptera 

Chironomidae 

Tolypodi  lit:'. 

17 

Oligochaeta 

Chironomus 

1 

11 

LBB:  Right  bank;  Summer  1973;  no  sample 


* 
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Table  8.  Benthic  Animal  Abundance  (cont) 
Comparison  of  Spring  and  Summer  Samples  of  Benthic 
^  Macroinvertebrates  Collected  in  1973  in  the 
Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MISSISSIPPI  RIVER  (Continued) 

Pool  1 

Transect  1AA,  Mile  853.2 


1AA  :  Left  bank;  Spring  1973;  62  yards  from  left  bank  and  127  yards  from  right 
bank;  rocks  with  Trichoptera  and  1  mayfly;  17.0'  deep 


Class  or  Order 

Family 

Genus 

Organisms 
per  sq  ft 

Sample 

Number 

Trichoptera 

Hydropsychidae 

Hy dropsy che 

3 

9. 

Cheumatopsyche 

8 

Ephemeroptera 

Potamanthidae 

Potamanthus 

1 

Diptera 

Chironomidae 

Polypedilim 

2 

1AA  :  Left  bank; 

Summer  1973;  no  sample 

1AA  :  Mid-channel 

;  Spring  1973;  no 

sample 

1AA :  Mid-channel 

;  Summer  1973;  Coarse  sand  and  gravel,  rocks,  fine 

sand;  11, 

depth 

Ephemeroptera 

Caenidae 

Caenis 

1 

Potamanthidae 

Potamanthus 

1 

Ephemeroptera 

(llnident.  damaged  nymph) 

1 

Trichoptera 

Hydropsychidae 

Cheumatopsyche 

3 

Psycomyiidae 

(Unident,  damaged 

1 

larva) 

Coleoptera 

Elmidae 

2 

Diptera 

Chironomidae 

Polypedilwi 

3 

Cvyp tochironanus 

2 

Tany tarsini 

2 

Pentaneurini 

4 

f 
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Table  8.  Benthic  Animal  Abundance  (cent.) 
Comparison  of  Spring  and  Summer  Samples  of  Benthic 
Macroinvertebrates  Collected  in  1973  in  the 
A  Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 

815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MISSISSIPPI  RIVER  (Continued) 

Pool  1  (Continued) 


1AA:  Right  bank;  Spring  1973;  20  yards  to  right  bank  and  145  yards  to  left  bank; 
Rocks  with  1  mayfly  nymph;  13.0'  depth 


Class  or  Order 

Family 

Genus 

Organisms 
per  sq  ft 

Sample 

Number 

Trichoptera 

Hydropsychidae 

Hydropsyche 

4 

7. 

Plecoptera 

Perlodidae 

Isoperla 

1 

Ephemeroptera 

Heptageniidae 

Stenonema 

1 

Diptera 

Chiron omidae 

Folypedilun 

1 

Orthocladiinae  (Unident,  pupa) 

1 

1AA:  Right-bank 

;  Summer  1973;  no  sample 

Transect  IBB,  Mile  850.6 

IBB:  Left-bank; 

Spring  1973;  8  yards  to  spoil  on  left 

bank,  225  yards 

;  to  right 

bank  tree;  Rock 

,  gravel,  sand  and 

silt;  5.5'  depth 

Trichoptera 

Hydropsychidae 

Cheurriatopsyahe 

1 

6. 

Diptera 

Chironomidae 

Cryptochironomus 

1 

Oligochaeta 

Tubif icidae 

12 

IBB  :  Left  bank; 

Summer  1973;  Fine 

sand,  silt,  rocks; 

8.5'  depth 

Trichoptera 

Hydropsychidae 

Cheicnatcpsyche 

1 

Diptera 

Chironomidae 

Ci ' yptoah  i  ro  • :  or,  us 

1 

Oligochaeta 

3 

j, 


■i 
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Table  8.  Benthic  Animal  Abundance  (cent.) 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
Macroinvertebrates  Collected  in  3973  in  the 
A  Minnesota  and  Lov;er  St.  Croix  Rivers  and  Mile 

815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MISSISSIPPI  RIVER  (Continued) 

Pool  1  (Continued) 


Transect  IBB;  Mile  850. 6  (Continued) 

1BB  ;  Mid-channel;  Spring  1973;  135  yards  to  left  bank,  76  yards  to  right  bank 
spoil  and  54  more  yards  to  base  of  bluff  and  tree;  No  record  of  substrate  type; 
15.5'  depth 

Organisms  Sample 

Class  or  Order  Family _ Genus _ per  sq  ft  Number 

Coleoptera  Elmidae  1  17. 

Diptera  Chironomidae  Polypcdilm  3 

Paratendipes  3 

Ceratopogonidae  ?  (Unident,  larva)  1 

Pelecypoda  (clams)  Sphaeriidae  Sphaerium  1 

IBB  ;  Mid-channel;  Summer  1973;  No  organisms 
IBB;  Right  bank;  Spring  1973;  No  sample 
IBB  ;  Right  bank;  Summer  1973;  No  sample 


Transect  1XX,  Mile  851.1 

1XX  :Left  bank;  Spring  1973;  No  sample 

lXX  ;Left  bank;  Summer  1973;  150'  from  left  bank;  Sand  and  a  couple  bark 
fragments;  12.5'  depth 

Coleoptera  Elmidae  (damaged  larva)  1  40. 

1XX:  Mid-channel;  Spring  1973;  no  sample 

1XX;  Mid-chatme3. ;  Summer  1973;  Sand  and  bark  fragments  (pine),  shell  fragments; 

14'  depth 

Diptera  Chironomidae  Paratendipes  5  24. 

Pelecypoda  (clams)  Sphaerium  1 

Gastropoda  (snails)  Planorbula  (not  alive) 1 

Oligochaeta  1 
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Tabic  8.  Benthic  Animal  Abundance  (cont.) 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
A  Macroinvertebrates  Collected  in  1973  in  the 

Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MISSISSIPPI  RIVER  (Continued) 

Pool  1  (Continued) 

Transect  1XX,  Mile  851.1  (Continued) 

1XX  ;  Right  bank;  Spring  1973;  No  sample 


1XX  :  Right  bank;  Summer  1973;  35'  to  right  bank;  Shell  fragments  and  bark, 
gravel  and  coarse  sand;  15.5'  depth 

Organisms  Sample 

Class  or  Order _ Family _ Genus _ per  sq  ft  Number 


Trichoptera  Hydropsychidae  Chcwna tops  yoke  1 

Diptera  Chironomidae  Cryptochironomus  5 

Polypedilnm  2 

Pentaneurini  1 

Pelecypoda  (clams)  Unionidae  Actinonaias  1 


19. 


Transect  ICC.  Mile  848.0 

ICC:  Left-bank;  Spring  1973;  20  yards  to  left-bank;  Fine  sand,  few  1"  stones 
sticks;  5.5'  depth 


Diptera  Chironomidae  Polypedilwi  23 

Paratcr.dipcs  6 

Phacnopsecira  6 

Cryptochironomus  1 

Chiron  emus  2 

Psychodidae  Psychoda  1 

Oligochaeta  15 


16. 


ICC:  Left  bank;  Summer  1973;  100'  from  left  bank;  Fine  sand  and  silt,  sewer 
smell  in  sediments;  A. O'  depth 


Diptera 


Chironomidae  Cryptochironomus  1 

Chironomus  2 

Polypedilnm  1 


A6. 


Oligochaeta 


1 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
Macroinvertebrates  Collected  in  1973  in  the 
^  Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 

815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MISSISSIPPI  RIVER  (Continued) 

Pool  1  (Concluded) 

Transect  ICC,  Mile  848.0  (Continued) 

ICC:  Mid-channel;  Spring  1973;  No  sample 
ICC:  Mid-channel;  Summer  1973 

Organisms  Sample 

Class  or  Order _ Family _ Genus _ per  sq  ft  Number 

Diptera  Chironomidae  Chironomus  3  23. 

Oligochaeta  2 

ICC:  Right  bank;  Spring  1973;  No  sample 

ICC:  Right  bank;  Summer  1973;  No  sample 

Pool  2 


Transect  2AA.  Mile  847.4 


2AA :  East  channel,  Left  bank;  Spring  1973;  59  yards  from  left  bank,  300  yards 
from  right  bank;  Rocks;  9.1'  depth 


Trichoptera 


Ephemeroptera 

Diptera 


Hydr opsychidae 

Hydropsy chid a e 

Psychorayiidae 

Potamanthidae 


Chironomidae 
Tanytarsini 

Hirudinea  (leeches) 


Hydi'opsyehe  3 

Cheurna  topcyahe  5 

(Unident,  pupae)  9 

(Damaged  larvae)  2 

Polycentropus  1 

Poicmanthus  2 

Phaenopsectra  ^ 

3 

1 


10. 


2AA  :  East  channel;  Summer  1973;  15  feet  from  island;  Rocks  and  coarse  gravel; 
3. 5-5. O'  depth 


Coleoptera  Elmidae 

Hirudinea  (leeches) 


1 

3 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
^  Macroinvertebrates  Collected  in  1973  in  the 

Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MISSISSIPPI  RIVER  (Continued) 

Pool  2  (Continued) 

Transect  2AA,  Mile  847.4  (Continued) 

2AA  :Rock  Scrapings;  Left  channel,  15  feet  from  island;  Rocks  and  coarse  gravel 
3. 5-5. O'  depth 


ll 

Class  or  Order 

Family 

Genus 

Organic. is 
per  sq  ft 

Sample 

Number 

Ephemeroptera 

Potamanthidae 

Pot-amanthus 

1 

34. 

Trichoptera 

Psychomyiidae 

Poly centr opus 

1 

Diptera 

Chironomidae 

Dicrotcndipes  ? 

1 

Chironomidae  ? 

(unident,  egg  mass) 

1 

Hirudinea  (leech) 

1 

2AA:  Mid- channel: 

;  Spring  1973;  No  sample 

2AA :Mid-channel  by  lock;  Rock  scrapings;  Summer  1973; 

Rocks  encrusted  with 

algae,  etc. 

Diptera 

Chironomidae 

Polypedilum 

1 

59. 

2AA :  Right  bank; 

Spring  1973;  No  organisms 

2AA:  Right  bank; 

Summer  1973;  no  organisms 

Transect  2BB.  Mile  831.7 

2BB :  Left  bank;  Spring  1973;  30  yards  from  left  bank; 

Gelatinous , 

with  sand; 

4.5'  depth 

Diptera 

Chironomidae 

Polypedilum 

6 

71. 

Phacnopseo tra 

6 

Chironomus 

1 

Stitoohironomus 

1 

Empididae 

(Unident,  larva) 

1 

2BB:  Left  bank;  Summer  1973;  Mostly  sludge,  silt  and  i 

organic  clay 

;  11.1'  depth 

Diptera 

Chironomidae 

Pvooladius 

6 

35. 

Oligochaeta 

32 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
^  Macroinvertebrates  Collected  in  1973  in  the 

Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MISSISSIPPI  RIVFR  (Conti nued) 

Pool  2  (Continued) 

Transect  2BB .  Mile  831.7  (Concluded) 

2BB  :  Mid-channel;  Spring  1973;  10  yards  from  righL  bank  and  250  yards  to  left 
bank;  23'  depth 

Organisms  Sample 


Class  or  Order 

Family 

Genus 

per  sq  ft 

Number 

Plecoptera 

Perlodidae 

Isoperla 

1 

8. 

Ephemeroptera 

Ephemeridae 

Pentagenia 

1 

Potamanthidae 

potcemanthus 

1 

Coleoptera 

Elmidae 

2 

Diptera 

Chironomidae 

Xenochironoinus 

18 

Pentaneurini 

3 

2BB  :  Mid-channel; 

Summer  1973 

Diptera 

Chironomidae 

Chironomus 

4 

29. 

Procladius 

1 

Chaoboridae 

Chaoborus 

6 

Oligochaeta 

37 

2BB  :  Mid-channel; 

Summer  1973 

Oligochaeta 

2 

60. 

2BB  :  Right  bank; 

Spring, 1973;  No 

sample 

2BB  :  Right  bank; 

Summer  1973;  No  sample 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
Macroinvertebrates  Collected  in  1973  in  the 
Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MISSISSIPPI  RIVER  (Continued) 

Miscellaneous  Pool  2  Sites 


Pool  2:  Right  bank  of  back  channel,  Newport  Island;  Summer  1973 


Class  or  Order 

Family 

Genus 

Organisms 
per  sq  ft 

Sample 

Number 

Diptera 

Chironomidae 

Prooladius 

2 

47. 

Oligochaeta 

Chute  behind  Island  2CC;  Right-bank;  Downstream  from  827.7;  Summer  1973;  Clay, 
silt  and  some  sand;  4*  depth 

Oligochaeta  (Many  fragements)  47  28. 

Nemertea  (proboscis  worm)  1 


Mile  827.7  :  Left  bank  backwater;  Upstream  from  spoil;  Summer  1973;  Sand  with 
1/8"  silt  on  top;  6.5*  depth 

Oligochaeta  2  63. 


Grey  Cloud  Slough  at  twin  fill;  Summer  1973;  Organic  mud;  18'  depth 

Diptera  Chironomidae  Tanyvus  2  31. 

Chironomus?  1 

Chaoboridae  Chaoborus  7 

Baldwin  Lake;  Downstream  from  spoil;  Summer  1973;  About  1"  of  silt  on  2'  deep 
sand  and  mud 


Diptera 

Oligochaeta 


Chironomidae 


rrocladiu.3 


2 

4 


48. 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
Macroinvertebrates  Collected  in  1973  in  the 
Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  Rivers  (Continued) 

MISSISSIPPI  RIVER  (Continued) 

Pool  2  (Continued) 

Transect  2YY ,  Mile  821.4 


Class  or  Order  Fanily 


Genus 


Organisms  Sample 
per  sq  ft  Number 


2YY  /’3A";  Spring  1973;  135  yards  to  right  bank;  Organic  mud,  much  silt,  some 
fine  grit;  3.2'  depth 


Diptera  Chironomidae  Psectrotanypus  1 

Procladius  9 

Cryptochironanus  1 

Oligochaeta  Tubificidae  54 


Oligochaeta  (Immatures  and/or  23 

small) 

2YY:"3A";  Right-bank;  Summer  1973;  Soft  mud;  3.5'  depth 

Diptera  Chironomidae  Procladius  1 

Oligochaeta  5 

2YY  :"3B";  Spring  1973;  no  sample 

2YY  :"3B";  Summer  1973;  Soft  mud;  3'  depth 

Diptera  Chironomidae  Procladius  3 

OliRochaeta  ° 


2YY :  "3C" ;  Spring  1973 

Diptera  Chironomidae 


Note:  "3C"  is  mid-channel 

Proa ladi  us  19  15. 

Tanypua  2 


Oligochaeta 


14 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
^  Macroinvertebrates  Col’’ ^cted  in  1973  in  the 

Minnesota  and  Lower  St.  Croix  Liver  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MISSISSIPPI  RIVER  (Concluded) 

Pool  2  (Concluded) 

Transect  2YY.  Mile  821. A  (Cont i nu  e d ) 

2YY:"3C";  Summer  1973;  Medium  coarse  sand  with  1/8"  silt  layer  on  top;  12.5' 
depth 

Organisms  Sample 

Class  or  Order  Family _ Genus _ per  sq  ft  Number 

Oligochaeta  2  50. 


Transect  2CC,  Mile  815.5 

2CC:  Left  bank;  Spring  1973;  7  yards  from  left  bank,  1  mile  to  right  bank, 

750  yards  to  upstream  tip  of  Buck  Island; Black  clay  mud  (kept  shape),  si 
anaerobic;  15.5'  depth 

Oligochaeta  94.  14. 

2CC-  Left  bank;  Summer  1973;  No  sample 

2CC:  Mid-channel;  Spring  1973;  155  yards  from  left  bank;  3  tries  and  Petersen 
dredge  wouldn't  trip,  anchor  came  up  with  partly  decoyed  leaves,  sticks,  large 


branch  and  sludge 

attached;  28' 

depth 

Diptera 

Chiron omidae 

Proaladius 

8 

68. 

2CC:  Mid-channel; 

Summer  1973 

Diptera 

Chironomidae 

Proaladius 

8 

27. 

Oligochaeta 

11 

2CC:  Right  bank;  Spring  1973;  No  sample 

2CC:  Right  bank;  Summer  1973;  No  sample 


Table  8.  Benthic  Animal  Abundance  (cont.) 


Comparison  of  Spring  and  Summer  Samples  of  Benthic 
A  Macroinver tebrates  Collected  in  1973  in  the 

Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MINNESOTA  RIVER 


Transect  MAA,  Mile  M24.8 

MAA  :Left  Bank;  Spring  1973;  No  organisms 


MAA: -Loft  bank;  Rock’Scrapings ;  .  Summer  1973;  AO'  from  left  bank;  1-2"  silt 
over  gelatinous  mud,  smelled  slightly  of  decay;  5.5'  depth 


Class  or  Order _ Family 


Genus 


Organisms  Sample 
per  scp  ft Number 


Tnchoptera 

Hydropsy chid ae 

Chewnatopsyohe 

1 

Hydropsychidae 

(Unident, 
damaged  pupa) 

1 

Coleoptera 

Elmidae 

1 

Dlptera 

Chironomidae 

Glyptotendipes 

9 

Glyptotendipes  (pupae) 

2 

Nematocera 

(Unident, 
damaged  pupae) 

2 

21. 


MAA:  Mid-channel;  Spring  1973;  No  sample 
MAA:  Mid-channel;  Summer  1973;  No  sample 
MAA:  Right  bank;  Spring  1973;  No  sample 
MAA:  Right  bank;  Summer  1973;  No  organisms 
JEnansect.. MBB*.  Mile  M13.0 
MBB  :  Left  bank;  Spring  1973  ;  No  organisms 
MBB:  Left  bank;  Summer  1973;  6'  depth 

Dlptera  Chironomidae  I'olypediZ'.r:  1  57. 


i 


I 

I 


4 


Table  8.  Benthic  Animal  Abundance  (cont.) 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
Macroinvertebrates  Collected  in  1973  in  the 
Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 


MBB  :  Mid-channel;  Spring  1973;  No  sample 

MBB:  Mid-channel;  Summer  1973;  No  record  of  substrate;  8'  depth 


Class  or  Order 

Family 

Genus 

Organisms 
per  sq  ft 

Sample 

Number 

Diptera 

Chironomidae 

Tanypus 

2 

25. 

Prooladius 

5 

Oligochaeta 

11 

MBB  :  Right  bank;  Spring  1973;  12  yards  from  right  bank;  120  yards  from  left 
bank;  Coarse  sand  and  clay  pellets;  7.5'  depth 

Diptera  Chironomidae  Crypto chironomuc  1  18. 

MBB:  Right  bank;  Summer  1973;  Fine  sand  with  clay  lumps,  silt  layer  on  top; 
3'  depth 

Diptera  Chironomidae  Cryptochironornus  1  18. 

MBB:  Right  bank;  Summer  1973;  Fine  sand  with  clay  lumps,  silt  layer  on  top; 
3'  depth 

Oligochaeta  1  51. 

Transect  MCC,  Mile  M3.0 

MCC:  Left-bank;  Spring  1973;  No  organisms 
MCC:  Left-bank;  Summer  1973;  No  sample 


A- 70 


Table  8.  Benthic  Animal  Abundance  (cont.) 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
A  Macroinvertebrates  Collected  in  1973  in  the. 

Minnesota  and  Lower  St. Croix  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 

MINNESOTA  RIVER  (Concluded) 

Transect  MCC.  Mile  M3.0  (Continued) 

MCC:  Mid-channel;  Spring  1973;  No  sample 

MCC:  Mid-channel;  Summer  1973;  Fine  sand  with  shallow  layer  of  silt;  12'  depth 


Class  or  Order 

Fami ly 

Genus 

Organisms 
per  sq  ft 

S  amp le 
Number 

Diptera 

Chiron omidae 

Procladius 

2 

30. 

Oligochaeta 

28 

MCC:  Right  bank;  Spring  1973;  Ekman  dredge  (small  amount  of  sand,  much 
water)  5  yards  to  right  bank;  5'  depth 

Oligochaeta  1  72. 

MCC:  Right  bank;  Summer  1973;  Clay  silt  and  some  sand;  4'  depth 
Oligochaeta  9  38. 


ST.  CROIX  RIVER 

Transect  SAA,  Mile  SC2.4 .8 

SAA :  Left  bank;  Spring  1973;  10  yards  to  left  bank;  Substrate  not  recorded; 
9.5'  depth 

Oligochaeta  1  78. 


SAA:  Left  bank;  Sumner  1973;  No  sample 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
^  Macroinvertebrates  Collected  in  1973  in  the 

Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 
815.3  to  857.3  of  the  Mississippi  River  (Continued) 

ST.  CROIX  RIVER  (Continued) 

Transect  F-AA.  Mi le  SC24.8  (Continued) 

SAA:  Mid-channel;  Spring  1973;  Substrate  not  recorded;  5.2'  depth 

Organisms  S  mple 

Class  or  Order  Family _ Genus _ per  sq  ft  Number 

Diptera  Chironomidae  Micropseotra  1  70. 

Ceratopogonidae  ?  (Unident,  larva)  1 

Oligochaeta  1 


SAA:  Mid-channel;  Summer  1973;  Clay  and  mud  (organic?);  1  chironomid;  22' 
depth 


Diptera  Tipulidae 

Chironomidae  Xenochii’onotnus 


1  22. 
4 


SAA;  Right  bank;  Spring  1973;  No  sample 

SAA:  Right  bank;  Mid  backwater;  Summer  1973;  Fine  sand  overlain  with  silt; 
Middle  of  bay;  3'  depth 

Diptera  Chironomidae  Pvocladius  2  33. 


Shallows;  10.3'  depth 

1  74. 

2 
1 

1 

SXX:  I. eft  bank;  Summer  1973;  Medium  to  fine  sand,  wood  fragments  and  clam- 
11;  Middle  of  the  bay;  7.5'  depth 


Transect  SXX,  Mile  SC16.0 

SXX:  Left  bank;  Spring  1973;  560  yards  from  left  bank; 


Ephemeroptera 

Diptera 


Caenidae 

Chironomidae 


Cnenis 

Crypt o  chironotnus 
Potbhastia 


Oil goc haeta 


Chi ronomidae 
Ch.iobnr  Idae 


Cryptochircnomus 

Chaohor-us 


1 

1 


43. 


Table  8.  Benthic  Animal  Abundance  (cont.) 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
^  Macroinvertebrates  Collected  in  1973  in  the 
'u  Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 

815.3  to  857.3  in  the  Mississippi  River  (Continued) 

ST.  CROIX  RIVER  (Continued) 

Transect  SXX,  Mile  SC  16.0  (Continued) 

SXX:  Mid-channel;  Spring  1973;  1000  yards  from  left  bank,  180  yards  from  right 
bank;  Coarse  red  sand;  16.3'  depth 


Organisms  Sample 

Class  or  Order _ Family _ Genus _ per  sq  ft  Number 


Diptera  Chironomidae  Polypedilum  1 

Stictochironomus  1 

Paraa  ladopc  trn  a  1 

Parac ladopc bn a ?  2 

(very  small) 

Pelecypoda  (clams)  Pisidiwn  10 

Gastropoda  (snails)  Stagnicola  ?  1 

(very  small) 


75. 


SXX  :  Mid- channel;  Summer  1973;  No  record  of  substrate;  15.7'  depth 
Oligochaeta  2  39. 


SXX:  Right  bank;  Spring  1973;  No  sample 


SXX:  Right  bank;  Summer  1973;  No  sample 


Transect  SBB,  Mile  SC  12.3 

SBB:  Left  bank;  Spring  1973;  No  organisms 

SBB:  Left  bank;  Summer  1973;  No  organisms 


SBB:  Mid-channel;  Spring  1973;  No  sample 


f 


SBB:  Mid-channel;  Summer  1973;  No  organisms 


Table  8.  Benthic  Animal  Abundance  (cont.) 


Comparison  of  Spring  and  Summer  Samples  of  Benthic 
A  Macroinvertebrates  Collected  in  1973  in  the 
Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 
815.3  to  857.3  in  the  Mississippi  River  (Continued) 

ST.  CROIX  RIVER  (Continued) 

Transect  SBB.  Mile _ (Continued) 

SBB  :  Right  Bank;  Spring  1973;  1400  yards  from  left  bank,  40  yards  from  right 
bank;  Clams,  snails,  gravel  to  5",  coarse  sand;  11.5'  depth 

Organisms  Sample 

Class  or  Order _ Family _ Genus _ per  sq  ft _ Number 

Eggs  (?)  of  unknown  organism  on  pebble 

Diptera  Chironomidae  T  any  tars  ini  2  4. 

Oligochaeta  Lumbriculidae  1 

Nematoda  (roundworms)  1 

SBB:  Right  bank;  Summer  1973;  No  sample 


Transect  SYY ,  Mile  SC  6.4 


SYY :  Left  bank;  Spring  1973;  Fine  sand,  sticks  and  plant  debris;  Backwater; 
2.2  yards  from  right-bank;  3.0'  depth 


Diptera 


Oligochaeta 


Chironomidae 


Cerat.opogonidae 

Tubificidae 


Cryptochironomus 

Chironomus 


Paratenarpes 

Psectrotanypus 

Procladius 

Micropsectra 

H  amis  chi  a 

Po  lypedi lum 

C  l  ado  t  a  r  ly  i  arc  us 

(most  very  small) 


Patpomyia  ? 


5 

8 

7 
1 

8 

3 
1 

4 

46 

3 

2 


3. 


SYY:  Left  bank;  Shallow;  Summer  1973;  Just  downstream  from  Mo.  and  Kinnikinnick 
Sand  with  a  little  silt;  3'  depth 


Diptera 


Oligochaeta 


Chironomidae  Cryptochironomus 

Po lypedi  lum 

Tanytarsini 


2 

2 

1 

2 


52. 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Comparison  of  Spring  and  Summer  Samples  of  Benthic 
^  Macroinvertebrates  Collected  in  1973  in  the 
•  Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 

815.3  to  857.3  of  the  Mississippi  River  (Continued) 

ST.  CROIX  RIVER  (Continued) 

Transect  SYY.  Mile  SC6.4  (Continued) 

SYY :  Mid-channel;  Spring  1973 


Organisms  Sample 


Class  or  Order 

Family 

Genus  per  sq  ft 

Number 

Odonata 

Gomphidae 

(Unident,  small 

1 

12. 

nymph) 

Coleoptera 

Elmidae 

1 

Diptera 

Chironomidae 

Po  lypedi  lien 

2 

Cryptoahironomus 

2 

Ceratopogonidae 

Palpomyia 

1 

Oligochaeta 

123 

SYY  :  Kinny  mid- 

-channel;  Summer  1973 

;  Medium  to  fine  sand; 

15.3'  depth 

Oligochaeta 

1 

44. 

SYY:  Right  bank;  Spring  1973;  12  yards  from  right  bank;  1 

-2"  stones,  very 

little  coarse  sand;  Depth  not  recorded 

Diptera 

Chironomidae 

1 

76. 

Egg?  (of  a  fish?) 

1 

SYY:  Right  bank;  Summer  1973;  About 

30'  from  right  bank; 

Rocks,  pebbles,  s 

and  plant  debris;  14.5-15'  depth 

Diptera 

Chironomidae 

G  lyp  i  o  f.  £  ■  i  d  ip.  a  <; 

1 

55. 

Glyptoicndipcs  (pupa) 

1 

Transect  SCC.  Mile _ 

SCC  :  Left  bank;  Spring  1973;  30  yards  from  left  bank,  700  yards  from  right 
bank;  12'  depth 

Coleoptera  Elmidae  1  77. 

SCC;  Left  bank;  Summer  1973;  No  sample 


Table  8.  Benthic  Animal  Abundance  (cont.) 


Comparison  of  Spring  and  Summer  Samples  of  Benthic 
Macroinvertebrates  Collected  in  1973  in  the 
‘  Minnesota  and  Lower  St.  Croix  Rivers  and  Mile 

815.3  to  857.3  of  the  Mississippi  River  (Concluded) 

ST.  CROIX  RIVER  (Concluded) 

Transect  SCC.  Mile _ (Continued) 


SCC:  Mid-channel;  Spring  1973;  No  sample 


Class  or  Order  Family 

Genus 

Organisms 
per  sq  ft 

Sample 

Number 

Diptera 

(Unident. 

1 

62. 

fragments) 

Oligochaeta 

1 

Nemertea  (proboscis  worm) 

1 

SCC:  Right  bank;  Spring  1973;  5  yards  from  right  bank;  1  rock  3"  x  6"  with 
worm-like  encrustations;  3.5'  depth 

Coleoptera  Elmidae  1  66. 

SCC:  Right  bank;  Summer  1973;  No  sample 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Benthic  Mac.roinvertebrates*of  the  Navigable  Twin  Cities 
®  Rivers,  Collected  on  Standard  and  Special  Transects  in 

1973.  (Arranged  alphabetically  within  phyla). 

List  of  Abbreviations 


AA,BB,CC  Standard  transects,  in  downstream  order 


XX, YY 
U,L,1,2 


Special  Transects,  in  downstream  order 

Upper  and  lower  St.  Anthony  Falls  Pools,  and  Pools  1  and  2, 
respectively 

Minnesota  and  St.  Croix  Rivers,  respectively 

Spring:  April  and  May 

Summer:  August  and  September 

Downstream,  upstream 

Channel 

Serial  number  of  sample 


M,  S 
Spr 
Su 

D/S,  U/S 
ch 
19. 

PHYLUM  NEMERTEA  Proboscis  worms 

2CC  Su  28.  SCC  Su  62. 

PHYLUM  NEMATODA  Roundworms 
SBB  Spr  4. 

PHYLUM  ANNELIDA  Segmented  worms 

Class  Hirudinea  Leeches 

2AA  Spr  10.  2AA  L  Ch  34. 

Class  Oligochaeta  Aquatic  earthworms 
Family  Lumbr iculidae 
SBB  Spr  4. 

Family  Tubificidae 


2YY 

Spr 

1. 

3YY 

Spr 

3. 

Unidentifiable 

oligochaetes 

SYY 

Spr 

12. 

LBB 

Spr 

13 

ICC 

Spr 

16. 

1XX 

Su 

24 

IBB 

Su 

26. 

2CC 

Su 

27 

MCC 

Su 

30. 

2BB 

Su 

35 

MCC 

Su 

38. 

SXX 

Su 

39 

2AA  L  ch  Su  45. 


IBB 

Su 

6. 

2CC 

Spr 

14. 

2YY 

Spr 

15 

ICC 

Su 

23. 

MBB 

Su 

25 

2CC 

Su 

28. 

2BB 

Su 

29 

2YY 

Su 

36. 

LBB 

Su 

37 

SYY 

Su 

44. 

ICC 

Su 

46 

*Benthic  macroinvertebrates:  bottom-dwelling  nonmicroscopic  animals  without 
backbones. 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Benthic  Macroinvertebrates  of  the  Navigable  Twin  Cities 
Rivers,  Collected  on  Standard  and  Special  Transects  in 
1973.  (Continued). 

PHYLUM  ANNELIDA  Segmented  worms  (Continued) 

Class  Oligochaeta  (Continued) 


Unidentifiable  oligochaetes  (Continued) 


2 

Su 

47. 

2 

Su 

48. 

2YY 

Su 

50. 

MBB 

Su 

51 

SYY 

Su 

52. 

LBB 

Su 

58. 

2BB 

Su 

60. 

see 

Su 

62 

2 

63. 

SAA 

Spr 

70. 

MCC 

Spr 

72. 

UCC 

Spr 

73 

SXX 

Spr 

74. 

SAA 

Spr 

78. 

2YY 

Su 

41. 

Iramatures  and/or  small  Oligochaeta 
2YY  Spr  1. 

PHYLUM  ARTHROPODA  Crustaceans,  Insects  and  Spiders 
Class  Insecta  Insects 
Order  Coleoptera  Beetles 


Family  Elmidae 


UBB 

Spr 

5. 

2BB 

Spr 

8. 

LBB 

Spr 

11. 

SYY 

Spr 

12 

LBB 

Spr 

13. 

IBB 

Spr 

17. 

UAA 

Su 

20. 

MAA 

Su 

21 

1AA 

Su 

32. 

LBB 

Su 

37. 

1XX 

Su 

40. 

2AA 

Su 

45 

UCC 

Su 

53. 

UAA 

Su 

64. 

see 

Spr 

66. 

see 

Spr 

77 

Order  Diptera  Flies,  Mosquitoes  and  Midges 

Family  Ceratopogonidae  (?)  Unident,  larva 
IBB  Spr  17. 

Family  Ceratopogonidae 

Genus  Palpomyia  (?) 

SYY  Spr  3. 

Genus  Palpcrrrjia 

LBB  Spr  13. 

Family  Chaoboridae 
Genus  Chaoborus 

2BB  Su  29.  2*  Su  31.  SXX  Su  A3. 


*Special  transect:  in  Grey  Cloud  channel  at  discharge  from  Mooers  Lake. 


Table  8,  Benthic  Animal  Abundance  (cont.) 

Benthic  Macroinvertebrates  of  the  Navigable  Twin  Cities 
_  Rivers,  Collected  on  Standard  and  Special  Transects  in 
1973  (Continued) 

PHYLUM  ARTHROPODA  (Continued) 

Class  Insecta  (Continued) 

Order  Diptera  (Continued) 

Family  Chironomidae  (?)  Unident,  larva 
SAA  Spr  70. 

Family  Chironomidae  (?)  Unident,  egg  mass 
2AA  34. 

Family  Chironomidae  Unident,  pupae 
UAA  Su  20.  UAA  Su  64. 

Family  Chironomidae 
Subfamily  Chironominae 


LBB 

Spr  11. 

Genus 

Chironomus 

SYY 

Spr  3. 

LBB 

Su 

13. 

ICC 

Spr 

16. 

UAA 

Su 

ICC 

Su  23. 

2BB 

Su 

29. 

2* 

Su 

31. 

ICC 

Su 

2BB 

Spr  71. 

Genus 

Clado  t any  tars  us 

SYY 

Spr  3. 

Genus 

Cryptochironomus 

Spr 

2YY 

Spr  1. 

SYY 

Spr 

3. 

IBB 

Su 

6. 

SYY 

ICC 

Spr  16. 

MBB 

Spr 

18. 

1XX 

Su 

19. 

]  BB 

Su 

IBB 

Su  32. 

LBB 

Su 

37. 

UCC 

Su 

42. 

SXX 

Su 

ICC 

Su  46. 

UBB 

Su 

49. 

SYY 

Su 

32. 

LBB 

Su 

SXX 

Spr  74. 

Genus 

Dimesa 

SYY 

Spr  76. 

Genus 

Did'o  Lcndipes 

(?) 

2AA  34. 


Genus  Dicrotcndipcc 

LBB  Su  37. 


*Special  transect:  in  Grey  Cloud  channel  at  discharge  from  Mooers  Lake. 


Table  8.  Benthic  Animal  Abundance  (cont.) 

Benthic  Macroinvertebrates  of  the  Navigable  Twin  Cities 
B  Rivers,  Collected  on  Standard  and  Special  Transects  in 
1973  (Continued) 

PHYLUM  AKTHROPODA  (Continued) 

Class  Insecta  (Continued) 

Order  Diptera  (Continued) 

Family  Chironomidae  (Continued) 

Genus  Endochivonomus 

LBB  Su  11. 

Genus  EukLefferiella 

UCC  Su  53. 

Genus  Glyptotendipes 

MAA  Su  21.  LBB  Su  37.  SYY  Su  55. 

Genus  Hamisahia 
SYY  Spr  3. 

Genus  Micsopeectra 

SYY  Spr  3.  SAA  Spr  70. 

Genus  Uicvotendipes 

LBB  Su  11. 

Subfamily  Orthocladiinae 
1AA  Su  7. 

Genus  Paraaladopelma 
SXX  Spr  75. 

Genus  Paratcndipcs 


SYY 

UCC 

Spr  3. 

Su  42. 

ICC 

UBB 

Spr 

Su 

16. 

54. 

IBB 

Spr 

17. 

1XX 

Su 

Genus 

UBB 

Pentaneurini 

Spr  5. 

2BB 

Spr 

8. 

1XX 

Su 

19. 

UAA 

Su 

1AA  Su  32. 

Genus  Phacr.op scctva 

2AA  Spr  10. 


ICC  Spr  16. 


2BB  Spr  71. 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Benthic  Macroinvertebrates  of  the  Navigable  Twin  Cities 
3  Rivers,  Collected  on  Standard  and  Special  Transects  in 
1973  (Continued) 

PHYLUM  ARTHROPODA  (Continued) 

Class  Insecta  (Continued) 


Order  Diptera  (Continued) 

Family  Chironomidae  (Continued) 


Genus 

Polypedilum 

UAA 

Spr  2. 

SYY 

Spr 

3. 

1AA 

Spr 

7. 

1AA 

Spr 

9. 

LBB 

Spr  11. 

SYY 

Spr 

12. 

LBB 

Spr 

13. 

ICC 

Spr 

16 

IBB 

Spr  17. 

1XX 

Su 

19. 

UAA 

Su 

20. 

1AA 

Su 

32 

LBB 

Su  37. 

UCC 

Su 

42. 

ICC 

Su 

46. 

SYY 

Su 

52 

UCC 

Su  53. 

MBB 

Su 

57. 

2AA 

Su 

59. 

UAA 

Su 

64 

UBB 

Spr  65. 

UAA 

Spr 

67. 

LBB 

Spr 

69. 

2BB 

Spr 

71 

SXX 

Spr  75. 

Genus 

Polypedilum 

(pupa) 

UAA 

Spr  64. 

Genus 

Potthastia 

SXX 

Spr  74. 

Genus 

Procladius 

2YY 

Spr  1. 

SYY 

Spr 

3. 

2YY 

Spr 

15. 

MBB 

Su 

25 

2CC 

Su  27. 

2BB 

Su 

29. 

MCC 

Su 

30. 

SAA 

Su 

32 

2BB 

Su  35. 

2YY 

Su 

36. 

2YY 

Su 

41. 

2* 

Su 

47 

2** 

Su  48. 

2CC 

Spr 

68. 

Genus 

Pseotro tanypus 

2YY 

Spr  1. 

LBB 

Su 

37. 

SYY 

Spr 

3. 

Genus 

Rheotcaxytarsus  (?) 

UAA 

Spr  64. 

Genus 

Rheotanytars 

us 

64. 

UAA 

Spr  20. 

LBB 

Su 

69. 

UAA 

Su 

Genus 

CtiotochironomuB 

UCC 

Su  53. 

2BB 

Spr 

71. 

SXX 

Spr 

75. 

Genus 

Tanypus 

2YY 

Spr  15. 

MBB 

Su 

25. 

2+ 

Su 

31. 

*Right  bank  in  West  channel,  Newport  Island,  mile  831.0. 

**Baldwin  Lake. 

tSpecial  transect:  in  Grey  Cloud  channel  at  discharge  from  Mooers  Lake. 


Table  8.  Benthic  Animal  Abundance  (conL.) 


Benthic  Macroinvertebrates  of  the  Navigable  Twin  Cities 
Rivers,  Collected  on  Standard  and  Special  Transects  in 
1973  (Continued) 

PHYLUM  ARTHROPODA  (Continued) 

Class  Insecta  (Continued) 

Order  Diptera  (Continued) 

Family  Chironomidae  (Continued) 

Genus  T  any  tars  ini 

SBB  Spr  4.  2AA  Su  10.  1AA  Su  32.  SYY  Su 

UAA  Su  64. 

Genus  Xenochironomus 

2BB  Spr  8.  SAA  Su  22. 

Family  Empididae  (Unident,  larva) 

UAA  Su  64.  2BB  Spr  71. 

Family  Empididae 
UBB  Spr  5. 

Genus  Uemerodvatnia  (?) 

UAA  Su  20.  UAA  Su  64.  Both  samples  also  contain  a  pupa 


Family  Nematocera  (Unident,  damaged  pupa) 
MAA  Su  21. 

Family  Psychodidae 

Genus  Paychcda 
ICC  Spr  16. 

Family  Simuliidae  (very  small  larvae) 

UAA  Spr  2. 

Family  Simuliidae 

Genus  Simuliun 
UAA  Su  64. 

Genus  Sinilurn  (pupa) 

UAA  Su  64, 

Family  Tipulidae 
SAA  Su  22. 

Diptera  (unident,  fragment) 

SCC  Su  62. 


52. 


I 
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Table  8.  Benthic  Animal  Abundance  (cent.) 

Benthic  Macroinvertebrates  of  the  Navigable  Twin  Cities 
B  Rivers,  Collected  on  Standard  and  Special  Transects  in 
1973  (Continued) 

PHYLUM  ARTHROPODA  (Continued) 

Class  Insecta  (Continued) 

Order  Ephemeroptera  Mayflies 

Family  Caenidae 
Genus  Caenis 

UAA  Su  20.  1AA  Su  32.  LBB  Su  37.  SXX  Spr  74. 
UBB  Su  49. 

Family  Ephemeridae 

Genus  Pentagenia 

2BB  Spr  ‘  8. 


Family  Heptageniidae 
Genus  Stenonema 

1AA  Spr  7.  UAA  Su  64.  LBB  Su  37. 

Family  Potamanthidae 
Genus  Potccranthus 

2BB  Spr  8.  1AA  Spr  9.  2AA  Spr  10.  1AA  Su  32. 

2AA  34.  UAA  Su  64. 


Order  Odonata  Dragonflies  and  Damselflies 

Family  Goraphidae  (Unident,  small  nymph) 
SYY  Spr  12. 


! 


i 


Order  Plecoptera  Stoneflies 

Family  Chloroperlidae 

Genus  Hactapcrla 

UAA  Spr  "  2 . 

Family  Perlodidae 
Genus  Icoperla 

1AA  Spr  7.  2BB  Spr  8. 


I 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Benthic  Macroinvertebrates  of  the  Navigable  Twin  Cities 
B  Rivers,  Collected  on  Standard  and  Special  Transects  in 
1973  (Continued) 

PHYLUM  ARTHROPODA  (Continued) 

Class  Insecta  (Continued) 

Order  Plecoptera  (Continued) 

Family  Perlidae 

Genus  Paragentina 
UAA  Spr  2. 

Genus  Phasganophora 

UAA  Spr  20. 


Order  Trichoptera  Caddis  Flies 
Family  Hydr opsychidae 


Genus  Cheumatcpsyche 


UAA 

Spr 

2. 

UBB 

Spr 

5. 

IBB 

Spr 

6. 

1AA 

Spr 

9. 

2AA 

Spr 

10. 

LBB 

Spr 

11, 

1XX 

Su 

19. 

UAA 

Su 

20 

MAA 

Su 

21. 

UCC 

Su 

53. 

IBB 

Su 

26. 

1AA 

Su 

32 

UAA 

Su 

64. 

Genus 

Hydropsyahe 

UAA 

Spr 

2. 

UBB 

Spr 

5. 

1AA 

Spr 

7. 

1AA 

Spr 

9. 

2AA 

Spr 

10. 

LBB 

Spr 

11. 

UAA 

Su 

20. 

UAA 

Su 

64 

Genus 

Kacronemwn 

UBB 

Spr 

5. 

UAA 

Spr 

20. 

Family  Hydropsychidae  (Unidentified 

pupae;  some  damaged) 

2AA 

Spr 

10. 

UAA 

Su 

20. 

MAA 

Su 

21. 

Family  Hydropsychidae  (Damaged  or  very  immature) 
UAA  Spr  2. 


I 

I 

I 


Family  Philopotanidae 

Genus  Chimca'i'a 

LBB  Spr  11.  . 
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Table  8.  Benthic  Animal  Abundance  (cont.) 

Benthic  Macroinvertebrates  of  the  Navigable  Twin  Citie 
®  Rivers,  Collected  on  Standard  and  Special  Transects  in 
1973  (Continued) 

PHYLUM  ARTHROPODA  (Continued) 

Class  Insecta  (Continued) 

Order  Trichoptera  (Continued) 

Family  Psychomyiidae 

Genus  Nyatiophylcuc 

LBB  Su  37. 

Genus  Polycentropus 

2AA  Spr  10.  2AA  34. 

Order  Trichoptera  (Unidentified  very  small  larva) 

UAA  Spr  20. 

PHYLUM  MOLLUSCA  Snails  and  Clams 
Order  Gastropoda 

Family  Lymnaeidae 

Genus  Stagnioola  (?)  (Very  small) 

SXX  Spr  75. 

Order  Pelecypoda 

Family  Unionidae 

Genus  Act-inonaias 

1XX  Su  79. 

Family  Sphneriidae 

Genus  Pisidiwn 
SXX  Spr  75. 

Genus  Dnkaerluin 

IBB  Spr  17.  1XX  Su  24.  . 

EGGS  (?)  of  unknown  organism  on  pebble 

SBB  Spr  4. 

EGG(?)  of  a  fish 
SYY  Spr  76. 


AD-AUO  NORTH  STAR  RESEARCH  INST  MINNEAPOLIS  MN  ENVIRONMENTAL— ETC  F/B  13/2 

ENVIRONMENTAL  IMPACT  STUOT  OF  THE  NORTHERN  SECTION  OF  THE  UPPER— ETC (U) 
NOV  73  R  F  COLINBSWORTHr  B  J  OUOMUNOSON  DACW37-73-C-OOM 


UNCLASSIFIED 


Annual  Volume  of  Sediment  Dredged  Within  Each  River  Mile  of 
the  Minnesota  River,  Arranged  by  Decade  (S.P.D.-NCS,  1973). 
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il  Changes  in  the  Dissolved  Oxygen  Measured  at  Station  1  Mile  856.8 
Mississippi  River  During  a  Two  Year  Period  (FWPCA) . 


asonal  Changes  in  the  Dissolved  Oxygen  Measured  at  Station  2  Mile 
6.6  on  the  Mississippi  River  During  a  Two  Year  Period  (FWPCA) . 


i£'ire  5.  Seasonal  Changes  in  Specific  Conductance  Measured  at  Station  1  Mile 
826.6  on  the  Mississippi  River  During  a  Two  Year  Period  (Continued) 


ocecMte* 


Figure  6.  Seasonal  Changes  in  Specific  Conductance  Measured  at  Station  1  Mile 
356.8  on  the  Mississippi  River  During  a  Two  Year  Period  (FWPCA). 


anges  in  pH  Measured  at  Station  1  Mile  S56.S  on  the 
.  River  During  a  Two  Year  Period  (FVPCA)  (Continued) 


A-98 


REFERENCES 


APHA,  AWWA  and  WPCF  (Amer.  Public  Health  Assn.  ,  Araer.  Water  Works  Assn,  and 
Water  Pollution  Control  Federation).  1971.  Standard  methods  for  the  exami¬ 
nation  of  water  and  wastewater,  13  Ed.  Am.  Pub.  Health  Assoc. ,  New  York, 

NY.  874  pp. 

Cooper,  W.  S.  1947.  Floodplain  succession  stations  and  supplementary  material 
arranged  in  order  of  developmental  stage.  Unpublished  manuscript.  *  21  pp. 

Dodge,  A.  W. ,  H.  F.  Fullerton,  W.  J.  Breckenridge  and  D.  W.  Warner.  1971. 

Birds  of  the  Hinneapolis-St.  Paul  Region.  Pamphlet.  Series  No.  1.  Minn. 

Museum  of  Natural  History,  University  of  Minnesota.  Minneapolis ,  MN.  29  pp. 

Environmental  Protection  Agency.  (EPA) .  1973.  Unpublished  records. 

Environmental  Systems  Division,  North  Star  Research  (ESD  -  North  Star).  1972. 
Planning  report  for  environmental  impact  studies  of  the  Corps  of  Engineers' 
upper  Mississippi  River  valley  operations  and  maintenance  activities.  North 
Star  Research  and  Development  Institute,  Minneapolis,  MN.  18  pp. 

Federal  Water  Pollution  Control  Agency  (FWPCA) .  1969.  Unpublished  records. 

Golterman,  H.  L.  1970.  Methods  for  chemical  analysis  of  freshwater.  IBP 
Handbook  No.  8.  Blackwell  Scientific.  Publications,  Oxford,  England.  166  pp. 

Leisman,  G.  A.  1959.  Spring  Lake  archaeology.  The  vegetation  of  the  Spring 
Lake  area.  Science  Museum  of  the  St.  Paul  Institute.  Science  Bull.  No.  3, 

Part  4.  13  pp. 

St.  Paul  District  (S.P.D.-NCS)  Corps  of  Engineers.  Environmental  study,  upper 
Mississippi  River  nine-foot  channel  project  (aerial  survey  May  15,  1973)  U.  S. 
Department  of  the  Army,  Corps  of  Engineers.  St.  Paul,  MN. 

Strickland,  J.  D.  H.  and  T.  R.  Parsons.  1968.  A  practical  handbook  of  sea¬ 
water  analysis.  Bulletin  167.  Fish.  Res.  Bd.  Canada.  311  pp. 

Vollenwei.der ,  R.  A.  1969.  A  manual  on  methods  for  measuring  primary  produc¬ 
tion  in  aquatic  environments.  IBP  Handbook  No.  12.  Blackwell  Scientific 
Publications,  Oxford,  England.  130  pp. 


B-l 


10.  APPENDIX  B:  ARCHAFOLOGICAL  BACKGROUND  INFORMATION 
STUDIES  IN  THE  LATE  1800's:  THE  LEWIS  AND  HILL  SURVEY 
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Appendix  2 
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Archaeological  and  Historic  Sites  in  Minnesota  in  the  Study  Area 
along  the  Mississippi,  Minnesota,  and  St.  Croix  Rivers  Which  are 
Now  Listed  in  the  National  Register  of  Historic  Places 

Sites  Designated  as  Historic  and  Worthy  of  Preservation,  Not  yet 
Included  in  the  National  Register,  in  Minnesota  Which  are  Adjacent 
to  the  Minnesota,  Mississippi,  and  St.  Croix  Rivers 
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Archaeological  and  historic  sites  of  importance  consist  of  such  diverse 
elements  as  prehistoric  village  sites,  petroglyphs  (rock  pictures),  burial 
mounds,  log  cabins,  forts,  and  so  forth.  Sites  of  significance  may  date  from 
thousands  of  years  ago  to  very  recent  times.  Interest  in  studying  elements 
of  human  history  also  varies  as  much  with  the  times  as  interest  in  studying 
elements  of  natural  history. 

STUDIES  IN  THE  LATE  1800's:  THE  LEWIS  AND  HILL  SURVEY 


Fortunately  for  our  study  now  there  was  a  strong  interest  in  the  late 
19th  Century  in  burial  mounds;  a  massive  study  was  pursued  for  approximately 
20  years  by  Alfred  J.  Hill  and  Theodore  H.  Lewis.  The  extent  of  their  work 
is  best  understood  by  examining  a  few  of  their  manuscripts,  a  few  samples  of 
which  are  reproduced  in  this  report.  In  1928,  Charles  R.  Keyes  wrote  of 
their  accomplishments : 


"The  great  extent  of  the  archaeological  survey  work  accom¬ 
plished  by  Lewis  and  Hill  cannot  be  appreciated  except  through  an 
extended  examination  of  the  large  mass  of  manuscript  material  that 
has  been  preserved.  This  consists  approximately  of  the  following 
forty  leather-bound  field  notebooks  well  filled  with  the  original 
entries  of  the  survey;  about  a  hundred  plats  of  mound  groups  drawn 
on  a  scale  of  one  foot  to  two  thousand;  about  eight  hundred  plats 
of  effigy  mounds  (animal-shaped  mounds  from  Minnesota,  Wisconsin, 
Iowa,  and  Illinois)  on  a  scale  of  one  foot  to  two  hundred;  about 
fifty  plats  of  "forts"  (largely  village  sites  of  the  Mandan  type) 
and  other  inclosurcs  on  a  scale  of  one  foot  to  four  hundred;  about 
■a  hundred  large,  folded  tissue-paper  sheets  of  original,  full-size 
petroglyph  rubbings  with  from  one  to  six  or  more  petroglyphs  on 
each;  about  a  thousand  personal  Jotters  of  Lewis  to  Ikill;  four 
bound  "hound  Record"  books  made  by  bill  and  in  his  handwriting; 
eight  large,  well  filled  scapbooks  of  clippings  on  nrchaeol ogical 
matters  made  by  Lewis;  numerous  account  books,  vouchers,  and  other 
miscellany. . . 


"A  single  sheet  of  summary  found  among  the  miscellaneous  papers 
of  the  survey,  apparently  made  by  Lewis,  is  eloquent  in  its  signi¬ 
ficance.  Tabulated  by  years  and  place  of  entry  the  mounds  alone 
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that  were  actually  surveyed  reach  a  ft rand  total  of  over  thirteen 
thousand  —  to  be  exact,  855  effigy  mounds  and  12,232  round  mounds 
and  linears. . . 


"The  survey  is  quite  full  for  Minnesota,  where  work  was 
done  in  all  but  three  counties  of  the  state,  resulting  in 
records  of  7,773  mounds,  besides  a  number  of  inclosures. . . 
much  information  was  also  gathered  from  the  river  counties 
of  Nebraska,  Iowa,  Kansas,  and  Missouri.  In  Wisconsin  the 
survey  touched  more  than  two-thirds  of  all  the  counties,  mostly 
in  the  field  of  the  effigy  mounds  in  the  southern  half  of  the 
state,  where  the  records  supply  detail  for  no  less  than  748 
effigies  and  2,837  other  mounds.  Iowa  was  explored  most 
fully  in  the  northeastern  counties  as  far  south  as  Dubuque, 
yielding  data  on  61  effigy  mounds,  553  other  mounds,  and  sev¬ 
eral  inclosures.  ...the  survey  yielded  its  richest  results  in 
Minnesota,  the  eastern  parts  of  the  Dakotas,  northeastern 
Iowa ,  and  the  southern  half  of  Wisconsin..."  [Surveys  were 
also  conducted  in  the  Dakotas,  Manitoba,  Missouri,  Nebraska, 
Kansas,  Illinois,  Indiana,  and  Michigan  —  in  all,  eighteen 
states . ] 


"The  strength  of  the  survey  consists,  first:  of  all,  in 
the  dependability  of  Lewis  as  a  gatherer  of  facts... he  worked 
as  a  realist,  measuring  and  recording  what  he  saw  with  pain¬ 
staking  accuracy  and  unwearying  devotion...  And  the  fact  that 
these  surveys  were  made  at  a  time  when  a  large  number  of  mound 
groups  that  have  since  disappeared,  or  all  but  disappeared,  were 
still  intact,  gives  the  work  of  Lewis  arid  llill  and  incalculable 
worth...  So  far  as  Iowa  is  concerned,  something  like  half  of 
the  antiquities  of  the  northeastern  part  of  the  state  are  re¬ 
coverable  only  from  the  manuscripts  of  the  Northwestern  Archaeo¬ 
logical  Survey. . . " 


A  typical  description  of  the  reporting  format  followed  by  Lewis  and  Hill 
is  reproduced  here : 

[TN:  MOUNDS  IK  DAKOTA,  MINNESOTA  AND  WISCONSIN] 

3.  OTHER  MOUNDS  IN  RAMSEY  COUNTY,  MINNESOTA 

At  the  lover  end  of  the  Pig's  Eye  marsh  already  mentioned, 
there  stood  (April,  1868)  an  isolated  mound,  not  situated  on 
the  bluffs ,  but  below  them,  near  iiieir  foot,  at  the  highest 

part  of  the  river  bottom  on  the  sloping  ground  half-way  between 
the  military  road  and  the  road-bed  of  the  St.  P.  &  C.  R.  R. , 
then  in  course  of  construction,  and  distant  about  three  hun¬ 
dred  and  fifty  feet  southward  from  the  culvert  on  the  former. 


It  was  in  a  cultivated  field,  and  had  itself  been  plowed  over 
for  years;  yet  it  still  had  a  mean  height  of  six  and  a  half 
feet;  its  diameter  was  sixty-five  feet.  The  top  oi  it  was  only 
thirty-one  feet  above  the  highwater  of  the  Mississippi,  accord¬ 
ing  to  the  levels  taken  by  the  railroad  engineers.  The  location 
of  the  mound,  according  to  U.  S.  surveys,  was  on  the  N  1/2  of  SE 
1/4  of  Sec.  23,  T.  28,  R  22,  and  about  one  mile  north  of  Red 
Rock  landing.  Mr.  J.  Ford,  one  of  the  old  settlers  of  the  neigh¬ 
borhood,  said  that  a  man  named  Odell  had,  some  years  previously, 
dug  into  it  far  enough  to  satisfy  his  curiosity,  as  the  discovery 
of  human  bones  clearly  proved  it  to  have  been  built  for  sepulchral 
purposes. 

7.  MOUNDS  AT  PRESCOTT,  WISCONSIN. 

At  the  .'-.ole  formed  by  the  confluence  of  the  St.  Croix 
and  Mississippi  Rivers,  on  the  eastern  bank  of  the  former, 
is  the  town  of  Prescott,  Wisconsin.  On  May  13,  1873,  three 
hours’  time  was  employed  in  making  such  reconnaissance  sur¬ 
vey  as  was  feasible  of  the  mounds  which  stretch  along  the 
bluff  on  the  Mississippi  Lhere.  The  smallest  of  them  was 
about  twenty-five  feet  diameter  and  one  foot  high,  and  the 
largest  fifty-six  feet  diameter  and  four  feet  high,  as  nearly 
as  could  be  then  ascertained. 

Pictographs  were  common  on  caves  a long  the  Mississippi  River  bluffs. 

Lewis  and  Hill  recorded  their  locations  and  frequently  the  pictures  them¬ 
selves.  Although  specific  reference  was  made  to  them  in  Houston,  Winona, 
Washington,  and  Ramsey  counties  in  Minnesota  and  Alamakec  and  Clayton  coun¬ 
ties  in  Iowa,  it  would  be  unwise  to  assume  that  they  were  limited  to  these 
locations. 

Captain  Carver,  in  1766-67  explored  a  cave  (in  present  day  Ramsey  County) 
as  being  of  "amazing  depth  and  containing  many  Indian  hieroglyphics  appear¬ 
ing  very  ancient."  The  cave,  called  by  the  Dakota  "l-.’akr.n-teebe",  became  a 
popular  tourist  attraction  in  the  1860’s.  Railroad  construction  was  respon¬ 
sible  for  its  destruction  by  the  1880’s. 

PRESENT  CONSIDERATIONS 

The  difficulty,  then,  is  not  the  absence  of  records  of  significant  sites, 
but  rather  that  records  of  thousands  of  sites  exist.  And  although  archaeologists 


have  resurveyed  some  of  the  sites,  vast  areas  have  not  been  checked  since 
the  original  surveys.  The.  farmer,  in  the  course  of  clearing  and  farming 
his  land,  is  chiefly  responsible  for  the  destruction  of  the  sites,  and  most 
of  the  sites  have  by  now  been  destroyed. 

MINNESOTA 

This  section  contains  information  on  significant  archaeological  and 
historic  sites  in  Minnesota. 

Background 

This  format  evolved  from  problems  encountered  in  developing  an  inventory 
of  sites.  The  listing  of  reasons  for  not  doing  so  which  follows  is  included 
because,  it  may  shed  sonic  light  on  future  problems  also. 


Original  plans  vere  made  to  provide  an  inventory  of  Minnesota  archaeolo¬ 
gical  sites  which  lie  in  the  study  area.  This  idea  was  abandoned,  however, 
due  to  the  following  considerations: 

1.  The  number  of  sites  in  close  proximity  to  the  river  is 
large  and  the  amount  of  work  required  to  review  existing 
records  (beginning  in  the  early  1800's)  exceeds  the 
value  of  such  an  inventory  in  this  report; 

2.  The  records  arc  known  to  be  incomplete  in  many  cases, 
scanty  for  certain  areas  or  incorrect  so  that  reliability 
of  the  inventory  is  questionable; 

3.  Many  sites  onc.e  recorded  have  been  destroyed  by  the  ac¬ 
tion  of  others  (not:  the  Corps  of  Engineers)  but  the  re¬ 
cords  have  never  been  updated.  h'er  has  there  ever  been 
a  complete  systematic  inventory  of  archaeological  sites 
in  Minnesota. 

4.  In  many  cases  the  location  of  sites  given  is  not  suffi¬ 
ciently  accurate  to  determine  il  the  site  is  close  enough 
to  the  river  bank  to  be  threatened.  In  some  cases,  where 
the  bluffs  are  close  to  the  river  bed,  a  vertical  elevation 
of  many  feet  may  effectively  remove  a  site  from  any  threats 
by  water,  dredge  spoil,  or  construction.  The  records  may 
not  show  this. 
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5.  The  Minnesota  State  Archaeologist  in  understandably  reluc¬ 
tant  to  publish  for  public  con sumption  a  list  oj  inventory 
of  archaeological  sites  because  of  risk  of  robbery,  despoli¬ 
ation,  vandalism,  or  unauthorized  unscientific  excavation. 
Such  cases  have  been  known  in  the  past.  However,  the  State 
Archaeologist  and  his  staff  have  expressed  the  willingness 
and  desire  to  assist  individuals  or  government  bodies  in 
locating  and  identifying  sites  for  preservation  or  excavation 
before  destruction. 

Impact  on  Prehistoric  Archaeological  Sites 


Because  the  files  of  the  State  Archaeologist  are  located  in  the  Twin 
Cities,  it  was  possible  to  engage  a  professional  archaeologist  to  investi¬ 
gate  the  current  status  of  those  archaeological  sites  in  the  Mississippi, 
Minnesota  and  St.  Croix  River  areas  in  Minnesota.  The  report  by  consultant 
Jan  Streiff  is  reproduced  here  in  its  entirety. 

A  Report  of  the  Impact  of  the  U.  S.  Army  Corps  of  Engineers  on  Prehistoric 
Archaeological  Sites  on  t.hc  Lower  Mississippi.  Lower  St .  Croix,  and  Lower 
Minnesota  Rivers  in  Minnesota 


By  Jan  E.  Streiff,  Archaeologist,  Department  of  Anthropology,  University 
of  Minnesota,  Minneapolis. 

Introduction.  There  .are  approximately  eighty-five  (85)  designated 
sites  in  the  Corps  of  Engineers  area  under  consideration  (i.e.,  the  Missis¬ 
sippi  River  from  St.  Anthony  Falls  to  the  Minnesota- Iowa  border,  the  Minne¬ 
sota  River  from  Shakopce  to  Pike  Island,  and  the  St.  Croix  front  above 
Stillwater  to  Prescott).  The  information  on  these  sites  lias  been  collected 
since  the  late.  ISOO’s  and  all  tin.  data  are  fiK.I  in  the  Archaeology  Labora¬ 
tory  at  the  University. 

Although  some  of  these  sites  have  been  revisited  since  being  recorded, 
and  a  few  have  even  been  excavated,  most  have  not  been  recheckcd.  Conse¬ 
quently  there  are  many  unknown  things  about  most  of  the  sites  listed  in  this 
report.  Ideally,  a  crew  should  have  been  sent  out  to  resurvey  the  river 


! 


valleys  in  question,  to  determine  if  sites  formerly  recorded  are  still  there 
and,  if  not,  how  they  were  destroyed  —  particularly  if  by  the  Corps  of  Engi¬ 


neers. 


Since  such  an  on-site  survey  was  impossible  at  this  time,  the  written 
records  will  have  to  suffice.  I  have  organized  the  known  sites  into  the 
three  categories  shown  below. 

Classification  of  Sites. 


Group  I.  These  are  sites  definitely  known  to  have  been  destroyed  by 
Corps  of  Engineers'  activities.  There  are  nine  (9)  of  these  sites. 

Group  II.  These  are  sit^s  in  the  area  under  consideration  which  should 
not  be  affected  by  the  E'-rps  because  they  appear  too  high  above  the  river 
channels.  Although  th..  v  may  necer  be.  flooded  by  raised  water  levels,  they 
should  be  kept  in  mind  us  possibly  being  destroyed  by  borrow  activity, 
dredging,  etc.  There  six  (6)  of  these  sites. 


Group  III.  This  is  the  largest  group  of  sites  (73)  within  the  Corps 
of  Engineers'  area.  This  is  the  group  for  which  no  definite  classification 
can  be  given.  There  are  many  reasons: 

a.  our  site  location  description  is  too  vague  to  determine 
if  the  site  is  or  was  in  danger. 

b.  sites  which  were  destroyed,  such  as  the  mound  groups  at 
Dresbach,  but  where  we  cannot  determine  if  the  destruction 
was  carried  out  by  the  Corps  of  Engineers  dam  construction  or 
by  some  unrelated  project. 

c.  sites,  such  as  those  on  Pig's  Eye  Island,  which  have  not: 
been  reexamined  since  recorded  hut  are  so  located  as  to 

be  assured  destruction  by  a  fluctuation  in  the  river  level 
or  at  least  damn;-  <i  by  erosion  l-v  th  rive-.  Any  dredging 
of  the  river  and  subsequent  depositing  or  the  debris  on  the 
nearby  shore  would  undoubtedly  cover  the  site. 


I 

I 


Conclusions.  Although  this  report  is  rather  inadequate  to  determine 
the  real  impact  of  the  Corps  of  Engineers  on  archaeological  sites  (there 
are  still  those  73  sites  for  which  we  have  no  information  on  Corps  of  Engi¬ 
neers'  impact),  it  does  point  up  the  great  need  for  future  surveys  along 
Minnesota's  three  greatest  rivers  to  determine  what  effect  the  Corps  of 
Engineers  will  have  on  prehistoric  sites. 

The  importance  of  these  rivers-  to  life  was  no  less  important  to  the 
original  Americans  than  it  is  to  us  today.  And  it  is  vital  to  the  history 
of  the  American  Indian  that  an  attempt  be  made,  if  not  to  preserve,  then  at 
least  to  record  the  habitation  and  burial  areas  that  are  so  numerous  along 
these  waterways. 

The  Corps  of  Engineers  can  expect  that  the  professional  archaeologists 
in  Minnesota  will  do  everything  possible  to  cooperate  with  them  to  see  that 
these  ends  are  achieved. 
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The  etfcct  of  Corps  of  Engineers'  activities  on  archaeological  sftes  in 
Pool  1 :  . 

Group  T 

Sites  destroyed  None 

Group  II 

Sites  probably  not  affected 
(except  by  borrow) 

Group  III 

Sites  potentially  dcstroyablc 


Pool  1 


RA  5  T29  R22 

Pool  1 

RA  2  T2SN  R22W 


RA  =  Ramsey  County 
T  =  Townshi  p 
R  =  Range 


Note:  For  the  exact  locations  (sections,  quarter  sections,  etc.)  of  the 

above  sites,  contact:  Jan  E.  Streiff 

Office  of  the  State  Archaeologist 
S-48,  Ford  Hall 
University  of  Minnesota 
Minneapolis,  MN  55455 
(612)  373-5560 

National  Register  of  Historic  Places 

Archaeological  and  Historic  Sites  in  Minnesota  in  the  Study  Area  along  the 
Miss  is  s  ippi,  Minnesota and  St.  Croix  Rivers  Which  Axe  Now  Listed  .in  the 
National  Register  of  Historic  Places 

In  1966,  the  National  Historic  Preservation  Act  was  passed.  It  provides 
for  comprehensive  indexing  of  the  properties  in  the  nation  which  are  signifi¬ 
cant  in  American  history,  architecture ,  archaeology,  and  modern  culture.:.  The 
Register  is  an  official  statement  of  properties  which  tier it  preservation. 
Several  sites  adjacent  to  the  Mississippi,  Minnesota  end  St.  Croix  Rivers  in 
Minnesota  arc  listed  in  the  latest  (1972)  edition  of  the  .National  Register  of 
Historic  Places.  Generally,  these  sites  have  not  been  destroyed  or  damaged 
extensively  by  previous  Corps  of  Engineers'  activity,  but  must  be  considered 
as  possibly  vulnerable  in  the  future.  None  of  these  sites  is  located  adjacent 
to  Pool  1. 


acre-foot  -  the  quantity  of  water  required  to  cover  an  acre  to  a  depth  of  1 
foot.  It  is  equivalent  to  43,560  cubic  ieet. 

alluvial  material  -  sediment,  usually  sand  or  silt,  deposited  on  land  by  flow¬ 
ing  water. 

aerobic  -  an  environment  in  which  free  oxygen  is  present. 

anaerobic  -  an  environment  in  which  free  oxygen  is  lacking. 

aquifer  -  a  water-bearing  layer  of  porous  rock,  sand,  or  gravel. 

backwaters  -  a  term  often  divided  now  into  sloughs  and  lakes  and  ponds  ad¬ 
joining  a  river. 

benthic  -  pertaining  to  the  bottom  of  a  body  of  water. 

benthic  invertebrates  -  animals  lacking  a  spinal  column  living  in  the  ben¬ 
thic  zone. 

BSFW  -  Bureau  of  Sport  Fisheries  and  Wildlife  (U.  S.  Department  of  the  In¬ 
terior)  . 

channel  -  a  natural  or  artificial  watercourse  with  definite  bed  and  banks 
which  confine  and  conduct  flowing  water. 

cfs  -  cubic  feet  per  second,  used  as  a  measure  of  rate  of  water  flow  in  a 
river. 

chute  -  sloping  channel  or  passage  through  which  water  may  pass. 

closing  dam  -  low  dam  extending  across  a  side  channel.  These  were  constructed 
to  divert  water  from  side  channels  to  the  main  channel  during  low  water 
periods  to  maintain  water  sufficient  for  navigation. 

coulee  -  steep-sided  tributary  valleys,  commonly  used  in  Wisconsin. 

deciduous  forest  -  forest  dominated  by  broad-leaved  trees  which  lose  their 
leaves  each  autumn. 

discharge  (rate  of  flow)  -  the  quantity  of  water  passing  a  point  in  a  stream 
channel  per  unit  of  time,  normally  measured  in  cubic  feet  per  second  (cfs) 

drainage  area  -  the  land  area  drained  by  a  stream  above  a  specified  location 
on  the  stream.  Measured  in  a  horizontal  plane,  it  is  so  enclosed  by 
higher  land  (a  divide)  that  direct  surface  runoff  from  precipitation  nor¬ 
mally  drains  by  gravity  into  the  stream  above  that  point. 
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drawdown  -  a  process  of  lowering  the  water  level  of  ;:n  impoundment. 

Driftless  Area  -  the  portion  of  southwestern  Wisconsin,  southeastern  Minnesota 
northeastern  Iowa  and  northwestern  Illinois  which  was  virtually  un¬ 
touched  by  the  last  advance  of  the  Pleistocene  glaciers  (i.e.,  Wisconsin 
Glacier).  It  is  thought  hy  many  that  it  was  never  glaciated. 

flood  -  a  temporary  rise  in  streamf low  and  water  level  (stage)  that  results 
in  significant  adverse  effects  in  the  viciniLy  under  study. 

flood  peak  -  the  highest  value  of  water  level  or  sfreamflow  attained  by  a 
flood. 

floodplain  -  the  relatively  flat  lowland  adjoining  a  watercourse  or  other 
body  of  water  subject  to  overflow  therefrom. 

FTU  -  Formazine  Turbidity  Units  -  arbitrarily  defined  units  used  as  standard 
for  measuring  water  turbidity,  currently  recommended  by  APHA,  et  al . ,  1971 

gaging  station  -  a  site  on  a  stream,  canal,  lake  or  reservoir  where,  systematic 
observations  of  water-surface  elevation  or  streamf low  (discharge)  arc.  ob¬ 
tained  . 

humus  -  the  surface  layer  of  soil  combining  partially  decomposed  organic 
matter  and  mineral  particles. 

JTU  -  Jackson  Turbidity  Unit  -  arbitrarily  defined  units  used  as  a  standard 
for  measuring  water  turbidity. 

lake  and  pond  -  open  areas  with  little,  or  no  current.  They  are  formed  be¬ 
hind  dams,  or  on  mature  floodplains  as  a  result  of  first  scour,  then 
abandonment,  by  the  lowered  river. 

littoral  -  the  shore  zone  of  a  body  of  water. 

macroinvertebrates  -  collectively,  all  invertebrate  organisms  visible  with 
the  unaided  eye. 

main  channel  -  the  portion  of  the  river  used  for  navigation  by  large  commer¬ 
cial  craft.  A  minimum  depth  of  9  feel  and  a  minimum  width  oJ.  200  -  A 00 
feet,  were  established  by  the  lock  and  dam  system  and  are  maintained  by 
periodic  dredging.  ' 

main  channel  border  -  the  water  zone  between  the  main  channel  boundary  and 
the  main  river  bank,  islands,  or  now  submerged  channel  boundaries.  Wing 
dams  are  located  in  this  zone. 

mesic  -  a  type  of  vegetation  which  develops  under  moderate  moisture  conditions 

moraine  -  an  accumulation  of  earth  and  stones  carried  and  finally  deposited 
by  a  glacier. 
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MPN/J  -  most  probable  number  per  liter  -  an  estimate  of  bacterial  abundance 
(See  Methods,  Appendix  AI) . 

MKRC  -  Mississippi  River  Re sear cl i  Consortium 

MRRPC  -  Mississippi  River  Regional  Planning  Commission 

mussels  -  clams,  bivalves  of  the  Phylum  Mollusca. 

outwash  -  glacial  till  reworked  and  sorted  into  sand  and  gravel,  etc.,  by 
meltwater. 


pedalfer  soils  -  well-leached  soils;  soils  that  lack  a  more  or  less  hardened 
layer  of  accumulated  carbonates. 

pedocal  soils  -  soils  that  develop  under  approximately  equal  precipitation 
and  evaporation  conditions;  soils  that  contain  a  definite  more  or  less 
hardened  layer  of  accumulated  carbonates. 

physiography  -  a  branch  of  science  that  deals  wiLh  the  physical  features  of 
the  earth. 

phytoplankton  -  collectively,  all  those  plants  suspended  in  and  on  the  sur¬ 
face  of  the  water,  usually  microscopic. 

piezometric  surface  -  surface  to  which  water  of  a  given  water-bearing  rock 
unit  will  rise  under  its  owTn  pressure  balance;  an  artesian  water  table. 

plankton  -  free-floating  plants  and  animals  drifting  in  the  water ,  usually 
microscopic . 

podzolic  -  light-colored  acid  soil  developing  under  coniferous  forests,  in 
cool,  humid  regions;  result  of  leaching  and  removal  of  soluble  minerals 
from  the  Lop  layer  into  the  deep  layers. 

riprap  -  rock  fortifications  on  banks  or  shores  which  protect  there  from  ero¬ 
sion  by  dissipating  the  energy  of  waves  and  wakes. 

River  Mile  -  miles  above  the.  entrance  of  the  Ohio  Kiv<  r  at.  Cairo,  Illinois 
measured  on  the  river. 

river  stage  -  the  elevation  of  a  particular  river  surface. 

roller  gates  -  movahJ e  gates  of  dam,  horizontal,  cylinders  on  inclined  tracks 
which  can  be  adjusted  to  affect  water  flow  and  its  level. 

rookery  -  the  nests  and  breeding  place  of  a  colony  of  birds;  the  colony  of 
birds. 


runoff  in  inches  (in.)  -  the  depth  to  which  the  drainage  area  would  be  covered 
if  all  the  runoff  for  a  given  time  period  were  uniformly  distributed  on  it. 
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savanna  -  grassland  with  trees  spaced  so  far  apart  that  their  crowns  are  sepa¬ 
rate.  and  the  grass  receives  direct  sunlight. 

side  channel  -  departures  from  the  main  channel  or  main  channe]  border.  At 
normal  river  stage,  a  current  occurs  in  those  channels. 

slough  -  body  of  water  through  which  there  is  no  current  at  norma]  river  stage 
Muck  bottoms  and  an  abundance  of  submergent  and  emergent  vegetation  are 
characteristic.  The  slough  category  lies  somewhere  between  the  side  chan¬ 
nel  and  lake  and  pond  categories. 

spoil  -  waste  material  removed  in  making  an  excavation. 

streamflow,  discharge  -  the  volume  of  water  passing  a  point,  per  unit  time, 
measured  in  cfs  or  in  cubic  meters  per  second. 

tailwate.rs  -  water  areas  immediately  below  the  dams.  They  are  affected  by 
the  movement  of  water  Lhrough  the  gates  and  locks,  and  they  change  in 
size  in  response  to  changing  water  levels. 

tainter  gate  -  movable  gate  of  a  dam  which  is  a  horizontal,  cylinder  segment 
mounted  on  a  steel  framework  attached  to  a  horizontal  downstream  rod  so 
it  may  be  adjusted  up  and  down  to  affect  water  flow  and  its  level. 

thermocli.ne  -  a  layer  in  an  incompletely-mixed  body  of  vrater  where  the  tem¬ 
perature  during  the  summer  drops  rapidly  (more  than  1°C.  per  meter)  as 
the  thermometer  is  lowered. 

till  -  unsorted  rock,  sand  and  gravel  deposited  by  the  melting  of  glacier 
ice. 

UMRCBS  -  Upper  Mississippi  River  Comprehensive  Basin  Study. 

UMRCC  -  Upper  Mississippi  River  Conservation  Committee. 

watershed  -  drainage  basin  or  drainage  area. 

weathering  -  the  geologic  process  of  decomposing  rocks  by  the  action  of  the 
forces  of  weather. 

wing  dans  -  low  structures  extending  radially  from  shore  into  the  river  for 
varying  distances  to  const  viet  low  w  it  cr  i.l ( >•>.-.•. .  "J ncy  were  construct  o»l 
of  rocks  and  brush  mattresses  to  establish  a  deeper  main  channel. 

zooplanktonie  -  pertaining  to  the  animal  life  of  plankton. 


